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ALL GAS AND VAPOUR 


The development of gas-filled valves 


By Gregor M.R. Grant 


century ago this year, two British scientists, 

the physicist Lord Rayleigh and the 
chemist Sir William Ramsay, announced 
their discovery of the gas argon. In the fol- 
lowing year, Ramsay confirmed the exis- 
tence of helium on earth and, over the next 
four years with the assistance of the chemist 
Morris Travers, successfully unveiled the 
remaining inert gases in the atmosphere: 
neon, krypton and xenon. 

At the century’s close, another Briton, 
the meteorological physicist C.T.R. Wilson, 
showed that electricity could flow in a gas. 
Thus, the groundwork was laid for a new 
branch of the electrical industry: the tech- 
nology of gas-filled valves. 

In 1901, the American inventor Peter 
Cooper-Hewitt produced a mercury vapour 
lamp and nine years later the French scientist 
George Claude developed glass tubes contain- 
inganeon-helium mixture. They were some 
38 ft(11.58 m}longand the prototypes of the 
near-infinite variety of such tubes that colour 
our lives today. 


Fig. 1. A simple neon time- base circuit. 


Volts —— 


where U, = Voltage change across C1 


Time —— 940011 - 12 


Fig. 2. Time-base voltage amplitude of 
Fig. 1. 
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Gas tubes therefore are electron tubes 
containing vapour or gas at low pressure in 
which an electric discharge takes place. 
There are two general types. Firstly , the 
cold cathode tube in which a glow dis- 
charge serves to maintain a conducting path 
between the clectrodes. These tubes have a 
high voltage drop and low current. Hot 
cathode tubes on the other hand operate 
on the principle of an are discharge con- 
ducting a current. They have a low voltage 
drop and a high current. 

By 1914, the American physicist Irving 
Langmuir began to take an interest in the 
development of gas-filled, tungsten-filament 
lamps. The filaments he used were coiled 
and the space around them contained some 
mercury, which was allowed to condense and 
then return to the filament area. Fed from 
a 110-volt source via a series resistor, they 
enabled Longmuir and his team to look into 
the lamp’s operation at high temperature. One 
early observation was that, during the many 
burn-outs, an arc was created at the fila- 
ment breakpoint. In the course of these tri- 
als, Langmuir became the first scientist or 
engineer to show ’...how a grid voltage could 
be used to control the starting of the main 
arc. | In fact, one of Langmuir’s team sketched 
a glass tube with a hot filament, separate anode 
and liquid mercury cathode, thus antici- 
pating the mercury are rectifier. 


The neon tube and 


the thyratron 

By 1922, the British radio en- 
gineer R.St.G. Anson devel- 
oped the relay named after 
himin which’... a neon tube was 
used for signal-shaping in tele- 
graph circuits. 2 

Neon is, of course, one of 
the two most commonly used 
inert gases, the other being 
argon. Industrially, argon is 
the more often used of the two, 
largely because the only com- 
mercial source of neon is the 
earth’s atmosphere. Indeed, 
where would our profession be 
without either argon or—above 
all —neon? 

The neon tube is simply a 
diode valve filled with low pres- 
sure neon gas. Neither of the 
electrodes is heated, but when 
a potential is applied across 
them the gas ionizes. The mag- 
nitude of the potential, known 
as the striking voltage, de- 


to Y plate 


to X plate 


pends on the gas pressure, the material used 
for the electrodes, and the surface condition 
and the distance between the electrodes, 

For neon, the striking voltage is around 
130 V. When this potential falls to about 
100 V, however, the gas deionizes. This be- 
came the basis of the early time-base cir- 
cuits. A simple neon time-base is shown in 
Fig. 1. Capacitor C; charges up through 
variable resistor RV] and is discharged through 
the neon tube when the charge equals the 
tube’s striking voltage. Thus, the time base 
voltage amplitude is the difference between 
the ionizing and deionizing levels, that is, 
around 30 Y. This is shown in Fig, 2. 

The time base and the voltage under in- 
vestigation can be synchronized by applying 
the voltage across Ry in series with the neon 
tube. In other words, a time base is an elec- 
tronic sun dial which, ifcombined witha de- 
lineating device, gives a graphical indiea- 
tion of electrical phenomena. One such de- 
vice is the oscilloscope; another, the digital 
signal analyser. 

By 1928, however, the time base was still 
an unsatisfactory circuit since ils output 
voltage, and hence the amount of deflection 
it could provide, was small. Matters im- 
proved immediately, however, with the in- 
troduction of the gas-filled valve, or thyra- 
tron, Its creator, Albert W. Hull, was a ver- 
satile and unusual man, He had originally 
graduated in Greek from Yale and taught lan- 
guages for a few years before returning to his 
alma mater to study physics. In 1921, he 
published a brilliant paper on electron move- 
ment between two cylindrical structures in 
a magnetic field, which configuration he 
termed a magnetron! 

It was at this time, too, that hejoined the 
General Electric Corporation’s research lab- 
oraroty at Schenectady, New York. Here, he 
followed his earlier work with a paper on 
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Fig. 3. An AF and low-RF time-base circuit employ- 
ing a thyratron. 
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Fig. 4. A typical sealed ignatron. 


‘Hot Cathode Thyratrons’ in 1928, announcing 
the device itselfand, in 1933, his masterpiece, 
“Thyratrons’. 

Basically, the device was a thermionic 
valve *... filled at very low pressure with 
mercury vapour or one of the inert gases ... 
the characteristics of the valves being to 
some extent influenced by the particular gas 
filling.’ These devices gave renewed impe- 
tus to the use of the cathode ray oscilloscope 
asan investigative tool‘... because they pass 
negligible current until] a certain voltage ... 
is reached, when they suddenly conduct very 
freely, indeed’), discharging a capacitor with 
considerable speed, thus producing a rapid 
flyback. This last was the result of *...an in- 
crease in the separation between the strik- 


water flow 
switch 


(Timing circuit not 
shown for clarity) 


ing and extinction potentials.” 

Shortly after the thyratron’s introduc- 
tion, the leading engineers of the day, among 
them Alan Blumlein, designed time-base 
circuits around it. Blumlein’s 1932 British- 
patented design used a large inductor in the 
charging circuit to improve charge linearity. 

The frequency range of the thyratron, 
however, was not all that extensive and they 
proved, ultimately, to be less effective as 
time-base generators than hard valves, firstly 
because of their relatively short life, and sec- 
ondly because of their inconsistent charac- 
teristics, 

Blumlein was the man who first used the 
Miller effect of a triode valve to create the 
first truly linear time base. He developed it 
in the early 1940s whilst working onan air- 
borne radar system and termed it the Miller 
integrator. 

Another serious limitation of thyratron- 
based time-base circuits was their recovery 
time from the flyback condition. This took 
‘... a serious fraction of the cycle at a few 
tens of kHz’6 and so limited their effective 
frequency range. In fact, by the late 1950s 
thyratrons were no longer used in commer- 
cial oscilloscopes. Figure 3 is a good exam- 
ple of athyratron-based time-base circuit. 


The ignatron 


In 1933, the Westinghouse Corporation an- 
nounced their latest development, the ig- 
natron, whose general construction is shown 
in Fig. 4. A pool of mercury serves as the cath- 
ode. Its potential was quickly appreciated and 
by the end of the following year a welding con- 
trol system using such devices was in com- 
mercial operation in the USA. 

In welding operations the ignatron acts 
*,.. asa special form of timing switch, enabling 
acurrent to pass through the metal junction 
for a specified and controlled period.7 

The ignatron combines many of the fea- 
tures of the mercury arc rectifier with those 
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Fig. 5. ilgnatron circuit as used in spot welding. 
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Fig. 6. Circuit operation of the Z700U cold 
cathode trigger tube. 


ofthe thyratron. Like the latter, the ignatron 
hasa low arc voltage drop, butone combined 
witha far larger current than can be achieved 
with a thermal cathode of the type used ina 
thyratron. 

In the welding circuit of Fig. 5, both ig- 
natrons and their protective resistances are 
shunted by metal rectifiers to prevent re- 
verse current passing through them. At 
switch-on, ignatron 1 anode is positive. 
Consequently, current flows from the anode 
to the cathode ofignatron 2, where it divides, 
the larger part passing through rectifier Dy, 
the remainder flowing through Igy and Ry as 
reverse current. The major portion then con- 
tinues through fuse Fy, the timing circuit, the 
water-flow switch and fuse F), where it again 
divides, the larger part passing through R, 
and the ignatron igniter, Thus, Igj’s igniter 
handles a large current pulse which fires 
the main discharge. Immediately the dis- 
charge is set up, the igniter is short-circuited, 
so that its current is zero. 

With the anode of Igy positive, the circuit 
action is as before, but in the opposite di- 
rection. Consequently, each device fires in turn 
as longas the control circuit is closed. Large 
current pulses, alternating in direction, flow 
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Fig. 7. Part of the ring counter circuit of an early computer. 
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through the welding transformer primary, 
inducing even larger ones in the secondary. 

The circuit is a typical example of a non- 
synchronous arrangement used in both spot 
and projection welding. 


The cold cathode trigger tube 


In 1936, the Bell Telephone Laboratories 
announced their latest development, the 
cold cathode trigger tube, an invention 
of research engineer 5.B. Ingram. A later ex- 
ample of the device, the Z700U, is shown in 
Fig. 6. 

The voltage applied between the anode and 
cathode is some 200 V. The priming cath- 
ode, located behind the anode, is connected 
to the negative line via current-limiting re- 
sistor R, Since the physical gap between the 
priming cathode and the anode is small, 
breakdown occurs and a current-limiting 
discharge develops. Consequently, limited ion- 
ization takes place. 

The trigger electrode is now made posi- 
tive with respect to the cathode, causing a 
discharge across the cathode-trigger gap. 
This, inturn, increases the ionization, which 
reduces the anode-cathode gap striking volt- 
age. The anode-cathode gap breaks down, but 
the discharge within it is maintained. The 
anode current is limited by #),, and the cath- 
ode-anode voltage remains constant at the 
tube’s maintaining voltage. 

When the tube conducts, the trigger is 
redundant. The tube’s glow, therefore, can 
be extinguished in only two ways: firstly, by 
reducing the anode current, and secondly by 
bringing the anode voltage below the main- 


taining voltage. As can be seen, the device 
has some facets in common with both the thyra- 
tron and the ignatron. 

Known as grid glow tubes in the UK, 
they were little used prior to the second 
world war. Once hostilities had broken out, 
however, the demand for triggering devices 
for proximity fuses for bombs, torpedoes, 
and the like, increased almost exponentially. 
The cold cathode trigger came into its own. 
Later, when hostilities had ceased, the tube 
found another role. It was frequently used 
in the ring counter circuits in early com- 
puters, an example of which is shown in 
Fig. 7. 

By the middle of the 1950s, the first com- 
mercial thyristor or silicon-controlled 
rectifier (SCR) was developed by the General 
Electric Corporation. A decade later it had 
eclipsed soft valves in many power control 
applications. Nevertheless, gas-filled valves 
continue to be used in the very-high-power 
field, 

Currently, the choice of gas depends on the 
hold-off voltage, current handling and rate 
of rise of current or turn-on time. Mercury 
and xenon, for example, are used where high 
currents are a priority, and hydrogen is the 
preferred gas for high-voltage applications. 
Hydrogen thyratrons, in fact, operate at gas 
pressures of between 300 and 900 millibar 
and have very rapid turn-on times. They 
can handle stand-off voltages of 50 kV and 
peak currents of around 5 kA. Among their 
many applications is high-power laser switch- 
ing. 

Ofcourse, neon, the original soft-valve gas, 
is still very much with us, its orange-red 
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glow indicating all manner of reassuring pa- 
rameters from heartbeats to hertzs, Classic 
FM* to miles per hour, 

In their centenary year, however, the inert 
gases are facing their greatest challenge: 
semiconductors. SCRs, LCDs and micro- 
scopic laser devices already indicate the way 
ahead. By the turn ofthe century, soft valves 
may have joined their hard counterparts as 
interesting relics of a past technology. 
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BIDIRECTIONAL RS232-TO- 
CENTRONICS CONVERTER 


The link between a PC and its peripherals is usually either 
parallel (Centronics) or serial (RS232). In some cases, however, 
it is necessary to connect the PC’s parallel port to a peripheral 
with a serial input, or the other way around (serial output to 
parallel input). No problem with the data format converter 
described here. 


Design by A. Rietjens 


DMITTEDLY the demand for paral- 
el-to-serial converters is not as 
high as it used to be, now that PCs are 
equipped with a host of peripheral 
connection options. None the less, 
there are occasions when such a con- 
verter is very useful. Take. for exam- 
ple. the following situation: you are 
using a number of programs that de- 
fault to the first Centronics port to 
produce hard copy, while printer port 
redirection using the MODE command 
is either not supported, or difficult to 
achieve, Unfortunately, the printer is 
in the room next door, and the dis- 
tance is such that serial communica- 
lion is likely to be more reliable than 
parallel communication, Another ex- 
ample would be a printer with a 
Centronics input only. which you 
would like to connect to a serial cable. 
The converter described here can 
work in two directions: parallel to ser- 
ial, or serial to parallel. Unfortunately, 


these conversions can not operate si- 
multaneously, but that will rarely 
cause problems. 


Block diagrams 


Since the present circuit is bidirec- 
tional (the direction being set with the 
aid of jumpers), it is appropriate to 
give separate block diagrams for the 
two directions of conversion. These di- 
agrams are shown in Fig. 1. 

Before describing the general struc- 
ture of the circuit, a short discussion 
on the protocols drawn up for commu- 
nication via the Centronics and the 
RS232 ports on a PC. The Centronics 
standard is based on eight databits 
which are conveyed in parallel. The 


sending device signals the presence of 


valid and stable data by pulling the 
STROBE line logic low. The receiving 
device has two ways of signalling its 
state. By transmitting a BUSY signal, 


it can inform the sending device that it 
is busy, and can not handle new data 
at that particular moment. The ac- 
knowledge signal, which is active low, 
and usually appears at the end of the 
BUSY signal, is sent by the receiving 
device to signal that a databyte has 
been received correctly for processing. 
Since BUSY and ACKNOWLEDGE have 
roughly the same function, many 
printers supply a BUSY signal only (al- 
though an ACK connection is available 
as a secondary function). 

An RS232 link has a serial data 
input and output at both ends. In ad- 
dition to data lines, it has several con- 
trol lines, which allow a number of 
different modes of communication 
(handshaking) to be implemented be- 
tween two devices. One of these is the 
XON/OFF handshaking — protocol, 
when the receiver transmits a certain 
character via the serial data line to tell 
the sending device to continue or stop 
transmitting data. Most printers. how- 
ever, employ hardware handshaking. A 
line called DTR (data terminal ready) is 
actuated by the printer to signal that it 
is ready to receive data. Since the 
transmission of serial bits is stopped 
as soon as DTR is de-actuated, the 
function of this line may be compared 
with that of BUSY on the Centronics 
port. Another possibility is the RTS (re- 
quest to send) line. An active level on 
this line indicates that the receiver 
wants to receive data, or is ready to do 
so. 

Armed with a basic knowledge 
about the function of the main signals 
we can start to examine the operation 
of the converter circuit. Referring to 
Fig. la. when parallel-to-serial con- 
version is used, data enters the circuit 
via the Centronics converter, and is 
stored in a buffer (actually a latch) 
under the control of the STROBE sig- 
nal furnished by the sending device. A 
special integrated circuit which con- 
tains a parallel-to-serial converter and 
a latch ensures that the eight received 
data bits are shifted sequentially, in 
the correct order. The sequence of 
cight data bits is preceded by a start 
bit, and followed by a stop and/or a 
parity bil. The block marked ‘hand- 
shake’ arranges the communication 
between the two sides. The busy and 
acknowledge signals needed for this 
purpose are derived from the DTR or 
the RTS control signal supplied by the 
RS232 sending device. The selection 
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between DTR and RTS is made by the 
user. 

The diagram of the serial to parallel 
converter (Fig. 1b) is virtually the mir- 
ror image of its parallel-to-serial coun- 
terpart. Serial data arriving at the 
circuit are converted into parallel, with 
the converter using the CTS (clear to 
send) line to signal to the sending de- 
vice that bits may be transmitted. 
When a complete serial word is re- 
ceived, the seven or eight databits con- 
tained therein are conveyed, in 
parallel, to a latch. Next, a strobe 
pulse is issued to tell the equipment 
connected to the Centronics output 
that valid and stable data are available 
for copying. At the same time, the 
handshake logic looks at the state of 
the BUSY line, to see if new data may 
be transmitted. Figure 1b also shows 
feedback between the converter’s out- 
put and input. This has been added 
because many RS232 [Cs in PCs ap- 
pear to have a buffer of two bytes. This 
means that the transmission of the 
current byte is not stopped immedi- 
ately on receipt of a ‘halt’ condition, 
but the buffer is cleared first. 
Consequently, the converter receives 
another byte, allhough it has told the 
sending device to stop transmitting. 
This extra byle has to be stored, be- 
cause the Centronics device is not (yet) 
ready to accept it. The feedback causes 
the extra byte to circulate in the con- 
verter until the Centronics bus is freed 
again. 

So far. so good. Although the blocks 
in the diagrams in Fig. 1 would appear 
to cover all function of the circuit, the 
handshake signals do require a couple 
of discrete gates and bistables to be 
added. 


Circuit description 


The heart of the circuit shown in 
Fig. 2 is the Type COM8017 UART 
(universal asynchronous — receiver/ 
transmitter), which is a follow-up type 
of the now obsolete AY-3-105D. The 
COMS8017 arranges the conversion 
from parallel to serial and vice versa. 
These operations run under the con- 
trol of a clock signal supplied by IC.. a 
CD4060. The clock generator/divider 
uses a 2.4576-MHz quartz crystal. The 
dividers contained in the CD4060 pro- 
vide the TCP and RCP (transmitter and 
receiver clock) signals for the UART. 
The frequency of these signals must 
equal 16 times the desired baud rate, 
and can be selected wit the aid of a DIP 
switch block, which connects one of 
ICo's outputs Q3-Q8 to the UART clock 
inputs. 

Another DIP switch block, Se, allows 
the format of the serial words to be set. 
The parameters are the number of 
databits, the number of stop bits, par- 
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BIDIRECTIONAL RS232-TO-CENTRONICS CONVERTER A 


MAIN SPECIFICATIONS 


® Conversion from parallel to serial, or serial to parallel (not simultaneously). 
® Busy and acknowledge signal available for parallel input. 
@ Serial output programmable for crossed and non-crossed cable (or DTE/DCE 


selection); 


® Selection between RTS and DTR on serial output. 
® Available baud rates: 9,600; 4,800; 2,400; 1,200, 600 and 300. 
@ Serial data format fully configurable: number of data bits, parity bit, odd/even 


parity; number of stop bits. 


@ On-board RS232 voltage level converter. 


ity bit yes/no, and odd or even parity. 
The function of each switch in the DIP 
block is shown in Table 1. 

The parallel data enter the circuit 
via Centronics connector K;, and are 
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fed to a bidirectional databus buffer, 
IC1. Depending on the logic level ap- 
plied to pin 1, this buffer copies the 
data at the Centronics input to the 
COM8017, or the other way around. At 
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Fig. 1. Two block diagrams for a single circuit with two functions. One (a) for parallel-to-ser- 
ial conversion, and one (b) for serial-to-parallel conversion. 
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C4, ICS = 74HCTOO 


BAUDRATE: 


12 ssonee 


16, IC7 = 74HCT74 


“ 


Fig. 2. The heart of the circuit is formed by IC3, a COM8017, which takes care of the data format conversion in both directions (not simulta- 


neously, though). 


the other side of the circuit, a special 
IC is inserted between the serial input 
and output of the COM8017 to take 
care of the logic level conversion be- 
tween the 5-V logic in the converter 
circuit and the RS232 lines (which 
carry symmetrical signals with a swing 
between +5 V and +15 V). The special 
IC is a MAX232. which contains a 
combination of voltage doublers and 
current-to-voltage converters. Outputs 
Tlout and T2out supply signals with a 
swing of about +10 V. Signals received 
via the RS232 connectors are applicd 
to the Rlin and R2in inputs (pins 8 
and 13) and converted into asymmetri- 
cal 5-V levels. 

When the parallel-to-serial conver- 
sion is done, the serial data is avail- 
able on pin 25 of IC, (SO). After 
conversion by ICs, the data then travel 
to the TxD or RxD pin of connector K3. 
The selection between these two pins 
is made with the aid of a jumper, and 


UART COM8017 

The COM8017 from Standard 
Microsystems Corp. is a 40-pin 
integrated circuit with a strong 
resemblance to the familiar AY-3-1015 
(produced by General Instruments 
Corp., and now obsolete). The 
COM8017 contains all logic needed to 
convert parallel data into serial, and 
vice versa. The block diagram shows 
the structure of the IC, which contains 
an input/output buffer and associated 
shift register, two blocks of logic that 
serve to arrange the flow of data 
traffic, a control register and a status 
register. Although the structure of the 
IC allows simultaneous two-direction 
data traffic (full or half-duplex using 
two virtually separate ‘channels’), this 
feature is not used in the present 
circuit, since situations requiring 
simultaneous data format conversion 
are few and far between. 
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Functional Block Diagram 
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SERIAL TO PARALLEL CONVERSION 
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Fig. 3. These timing diagrams should help to elucidate the rather complex operation of the circuit. 


depends on the type of serial cable ap- 
plied, and the type of equipment con- 
nected. The position ‘1’ jumpers will 
typically be fitted near the RS232 con- 
nector when the equipment is of the 
DCE type, while position ‘2’ is used 
with DTE types, which includes most 
printers. The options for handshaking 
with the serial equipment are DTR and 
RTS. Select one of these in accordance 
with the requirements of the cquip- 
ment you wish to connect. The user 
manual will usually provide this infor- 
mation. 

Serial data to be converted into par- 
allel are applied to the converter via 
connector Kz. In this mode, the con- 
verter behaves like DCE (data commu- 
nication equipment), which is based 
on the assumplion thal a computer is 
connected. After the level conversion 
in ICg, the data travel to the serial 
input of ICy (pin 20). The parallel data 
available after the conversion is fed 
out to outputs RDI-RD8. This byte is 
then conveyed to connector Ky via 
buffer IC,;. Ky then forms the Centron- 
ics output of the converter, and may 
be used to hook up a printer with a 
standard Centronics input. The feed- 
back loop indicated in the block dia- 
gram is realised by a_ simple 
connection between the output buffer 
(RD1-RD8) and the input buffer (DB1- 
DBY) of IC3. 
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Handshaking 


The circuit diagram shows a number of 
jumpers that can be fitted in two posi- 
lions. With the jumpers fitted as 
shown in the circuit diagram, the con- 
verter functions as a parallel-to-serial 
converter. Signals ‘busy’ and ‘acknowl- 
edge’ enable the converter to provide 
its current state information to the 
equipment connected to K;. The busy 
signal is fairly simple to generate, RTS 
or DTR is active on Ky, if the serial 
equipment is ready to receive data. If 
the TMBT output of IC, is also high 
(transmitter buffer empty), NAND IC4 
pulls the busy line logic low. This level 
is also used to enable a small network, 
D,-C,-R3-Ry. to derive the acknowl- 
edge (ACK) pulse, which appears as a 
logic O after the negative-going edge of 
the busy signal. The O indicates that 
the converter has received and 
processed data. Next. if new data ap- 
pears on the Centronics bus, the 
equipment connected to K, will supply 
a strobe pulse to signal that valid data 
is available for loading into the con- 
verter. This pulse is fed to the DS input 
of ICy, which responds by loading the 
data into its input buffer. Next, the 
data is converted into serial format, 
and conveyed to the RS232 receiver. 
During the conversion. TBMT is low 
(and, consequently, busy is high), 


1994 


which means that the converter is not 
ready to receive new data. Once the se- 
rial data converter is no longer capable 
of handling the incoming datastream, 
it pulls DTR or RTS low, which also re- 
sults in a ‘high’ busy line. 

The other way around is ‘serial-in, 
parallel-out’, A jumper is used to re- 
verse the direction of buffer [C, (via the 
logic level applied to pin 1). The ac- 
knowledge signal is disconnected from 
K,. The strobe line is turned into an 
input, and the busy line into an out- 
put. 

As soon as ICs detects a negative- 
going pulse transition (falling edge) at 
its serial input (caused by data arriv- 
ing from Ka), the IC first checks if this 
is a start pulse by measuring the 
length of the pulse. The falling edge 
also pulls the DAV (data available) out- 
put of the COM8017 low, This is 
achieved with the aid of the RDAV\ 
input. Also, S-R (set-reset) bistable 
IC, is set, which is done to inform the 
serial transmitter, via the CTS line, to 
stop transmitting after the current 
byte. After the conversion, the parallel 
data are available in the output butler 
(provided the ‘old’ data were sent cor- 
rectly). The presenee of this new data 
is indicated by the DAV output going 
high. The DAV output clocks bistables 
ICg,. ICg, and IC7,. Two RC networks, 
Rg-Cy4 and Ry-Cs, turn the two bisla- 
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Fig. 4. Track layout and component mounting plan of the printed circuit board designed for the converter. 


bles in [Cg into a monostable. If the 
equipment connected to Ks is not 
busy, IC, will generate a strobe pulse. 
and the available data is copied to the 
Centronics equipment connected to 
the converter. Next, IC7, and I1C7, en- 
sure that the RS232 transmitter is in- 
formed, via the CTS line, that new data 
may be transmitted. If the busy line 
was still high, ihe D input of ICg, is 
held at 0, and no strobe pulse is gener- 
ated. ICg, applies a pulse to the DS 
input of ICs. This causes the received 
byte to be sent from the serial output 
to the serial input via ICy,, and IC,4,. At 
the end of this sequence, a DAV signal 
is gencrated to ensure that the byte is 
‘circulated’ again if the receiver is still 
busy. Else, a strobe pulse is generated 


for the recciver. 

Finally, the circuit has a reset key, 
S,. which is useful when the commu- 
nication stalls owing to a transmission 
fault. Pressing this key results in IC;, 
and [C7 being reset. 

The circuit is best powcred by an 
external mains adaptor with an output 
voltage of 8-15 V d.c. Regulator ICy 
provides the 5-V supply voltage for the 


circuit. The current consumption of 


the converter is about 100 mA. 


Construction 


The printed circuit board for the con- 
verler (Fig. 4) is designed such that all 
components are accommodated on a 
single board. The parallel input and 


output connectors are located at one 
side of the board, while the serial con- 
nectors are arranged side-by-side on 
the other side. All connectors are types 
with straight solder pins to enable the 
cables to be connected from the top 
side of the board. Fitting the parts on 
to the board should not present prob- 
lems. IC sockets may be used if you 
are less confident of your soldering 
skills. The reset press-key is also fitted 
direcUy on to the board. The completed 
beard fits exactly into the enclosure 
mentioned in the parts list, although 
clearances have to be cut for the four 
connectors, the two DIP switches, the 
press-key and the mains adaptor 
socket. If you use the enclosure men- 
tioned in the parts list, the voltage reg- 
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COMPONENTS LIST 


Resistors: 
R1;R2;R4;R8;R9;R10;R13 = 10kQ 
R3:R6;R12 = 1kQ 

R5 = IMQ 

R7 = 8-way 10kQ SIL array 

R11 = 5-way 10kQ SIL array 


Capacitors: 
C1;C7;C14-C21 = 100nF 
C2 = 27pF 

C3 = 39pF 

C4;C5 = InF 

C6;C13 = 100uF 16V 
C8-C12 = 10uF 25V radial 


a 
% 


bon Bawa hm nie Be ee Bomichn 


Semiconductors: 
D1 = 1N4148 

IC1 = J4HCT245 
IC2 = 4060 

IC3 = COM8017 


IC4:IC5 = 74HCTOO ee NN 
IC6;IC7 = 74HCT74 Fig. 5. Unconventionally, voltage regulator IC9 is fitted at the solder side of the board if the 
IC8 = MAX232 plastic enclosure mentioned in the parts list is used. 


{C9 = 7805 


Miscellaneous: 

K1 = 36-way Centronics socket; PCB 
mount; straight pins 

K2 = 25-way sub-D socket; PCB mount; 
straight pins 

K3 = 9-way sub-D socket; PCB mount; 
straight pins 

K4 = 9-way sub-D plug; PCB mount; 
straight pins 

K5 = two solder pins 

$1 = 6-way DIP switch 


Oo000 Op, jumpers at side A: parallel-to-serial 
OO000 
000 O o8 iumpers at side B: serial-to-parallel 


S2 = 5-way DIP switch parity om AN 
i ait r, £ ¢ ¢£ i= 
$3 = Digitast press-key, 12 mm wide Sass antl Seas 
cap (ITT/Cannon Switches) bits a8 es 
X1 = 2,4576 MHz quartz crystal “eng oernag# 
1 pinheader 2x6 pins parity bit corer e 
5 SIL pinheaders, 3 pins stop bits | | | | | | 
1 Pactec HPkit enclosure; approx. 
92x146x28mm eS 
1 printed circuit board 930134 (see o00000 
page 70) 300Bd | | | | | | 
600Bd a a 
only one 1200Bd ce 
switch o o 
ulator has to be fitted at the solder closed: 2400Bd = = 
side of the board — else. it protrudes 4800Bd i 
fa 


too far above the board (see Fig. 5). 9600Bd 
The circuit can not be taken into 

use before you have filted the jumpers 

in the appropriate positions. The five 

3-pin PCB headers at the centre of the 

PCB must all be set to position ‘A’ or Table 1. Settings of jumpers and DIP switches on the board. 

‘BD’ (A = parallel-to-serial; B = serial-to- 

parallel}. Further, there are six pin 

combinations next to K, that are used positions ‘O’ if the connection is of the Should the serial peripheral equip- 

to select the lines used for the serial DTE-to-DTE type with a non-crossed ment have a 25-way D-connector, this 

output. Fit two jumpers in the ‘1’ posi- cable, or a DTE-to-DCE type with a may be fitted with a 9-to-25-pin adap- 

tions if the connection is a ‘real’ DTE- crossed cable, or a so-called zero- tor. a 

to-DCE link {i.e.. the device connected modem. The enclosure may be closed 

to the serial output of the converter is after fitting the jumpers. The baudrate 

a DCE), and a non-crossed connection and the serial data format may be set 

cable is used. The jumpers are fitted in with the aid of the DIP switches. 
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76HC30 
t4HCaP 
PAHOA? 
74HC51 
74HC58 
t4HC73 
FAN CTS 
T4HC?S 
PAHCI6 
7aHC7? 
7aHC8S 
TSHCS6 
S4HOSS 
F4HC107 
74HC1CS 
74H" 12 
74HC 143 
F4HO123 
F4HC125 
FAHC 126 
taco 
74HG1 32 
74HC133 
TAHCIST 
7AHC 198 
74H" 39 
74HC141 
F4HC147 
FAHC148 
74HC151 
74HC 153 
74HC' 54 
74hC155 
TAHC1S? 
T4HC158 
74HC 160 
74HC 161 
TAHC* 2 
74HO163 
T4HC164 
T4HC16S 
T4HC 166 
TAHC179 
7aHC174 
74HC175 
74HC1B1 
F4HC152 
FAHG190 
F4HO1a1 
74HC192 
TaHC+ 93 
F4HC194 
T4HC19s 
F4HC221 
7aHC?37 
74HC238 
74HC240 
PAHC241 
F4HO242 
7aHC2$3 
74HC 244 
74HC245 
74HC251 
744HC253 
?4HC257 
S4HC258 
F4HO259 
F4HC266 
FAHC275 
T6HC279 
F4HC280 
F4HC2aS 
7aHC298 
TaHC299 
F4HC323 
FAHCaS4 
74HOI56 
74aNC365 
740366 
FSHCI67 
P4HCu6a 
f4HC379 
FSHCR74 
FAHCI?S 
PAHCaTT 
74aHO386 
74HC330 
74HC393 
F4HCA23 
PaHCs21 
F4nC533 


O15 
O19 
O24 
O19 
0.24 
0.20 
0.20 
C29 
0.20 
0.25 
O04 
0.22 
G22 
0.22 
0.22 
0.22 
AB 
G79 
042 
0.34 
0.25 
940 
040 
Ost 
0.48 
0.28 
O44 
oss 
036 
040 


74HCSTS 
TaHC5Ag 
7F4aHC590 
74HC592 
740593 
74HC595 
F4HCS97 
F4HCE20 
T4HC623 
74HC633 
74HCe640 
F4HCEAS 
TAaHCR4S 
74HCB46 
74HCS48 
74HCES" 
F4HCES2 
74HCR5S 
74HCS59 
74 C664 
T4HCE6S 
TAHCB7O 
7aHCB7T7 
74HC678 
74HCée0 
P4HC6S2 
T4HCGS4 
F4aHCsas 
7aHCag0 
74HC691 
74HCES2 
F4HC693 
7AHCEO6 
7SHCB97 
74HO698 
F4HCES9 
F4aHCaca? 
74aHCs015 
FSHCS016 
T4HC4017 
74HCA020 
FAHCAG22 
FaHCs0e4 
74HC-4028 
74hC4040 
T4aHC4046 
T4HCatag 
744C4050 
T4HC4ns1 
74hC4052 0.68 
F4HC40S3 0 68 
FAHGAUSIA 1 10 
7aHC4060 0.47 
T4HC4061 2.52) 
T4HC4966 046 
TAHCAMHBAD 54 
7AHCA067 472 
74HCs072 045 
74HCa075 9.32 
T4HC4078 O46 
74HC4094 G.64 
74HG9316 0 68 
74HC4351 089 
T4HC4511 0.55) 
F4hC4514 1.35 
FAHCAS'S 142 
7AHC4518 O80 
PAHCSA2 0.72 
7aHC4594 0.00) 
TSHC45yH 9.68: 
74HCAS4 0.81 
PAHC?TOO” 1.01 
F4HC7002 191 
F4HCTd2 1:91 
T4HC7?2AG 0.84 
F4hC7O74 1.99) 
F4HC7292 1.10 
F4HC?294 110 
F4HCa0102 110 
74HC40100 - 70 
74HC40106 | 40) 


74HCT SER 


PaHCTON 0.22 
7aHCTO2 0.22 
74HCTOR = 0.75 
F4HCTO4 §=G.22 
74HCTOR 022 
FAHCTO 0.22 
7aHCT11 §=0.22 
7aHCT14 9.76 
7T4HCT26 «0.26 
T4HCT?1 O26 
F4HCT2? = O.2f 
74HCTW 0.76) 
74HCTA? «(0.22 
T4HCT42 0.46 
F4HCT?3 056 
F4HCT?4 176 
TaHCITS «= 9.36) 
7éRCTSS 9.60) 
F4aHCTRG = G.A6 
74HCTY3 «6058 
PAHCV197 0.40 
FAHCTIOS 0.42 
T4HCT112 0.47 
F4HCTI24 0 64 
PAHCT- 26 0.56 
741CT126 0.56 
FaHCT IS? 9.50) 
74HCTIST 0.52) 
F4HCT138 O52 
7F4HCT"39 U.d5 
FaHCT 47 
74KCT1 
FaHCTIS3 
F4HCT 154 
7aHC11 57 
THC P1568 
74hCT 160 
74HCT 161 
FAHCT* 62 
74NC1163 
7aHOT164 
74hCT 165 
74HCT 166 
74HCT*74 
PAHCTI TS 
7SHOTIFS 
74HCT 181 
74HCT 182 
74HOT 90 
74HCT191 
74HCT 192 
F4HCT ISA ¢ 
F4HCT194 


Os2 
0 56 
0.50 
2.59 
0.50 
1.s4 
048 
036 
0.64 


F4HCT 243 
FAHCT244 
TANCT245 
74HCT25t 
74HCT253 
F4aHCT2s? 
F4HCT256 
FaHCT259 
T4HCT273 
F74HCT280 
F4HCT284 
PAHCT?PS? 
74aHCT239 
T4HCTI54 
F4HCT3S6 
P4HCT365 
P4AHCT366 
TaHCTI67 
FéHCTI6ES 
F4HCT373 
T4HCT374 
TAHCTS77 
TaHCTI90 
74h CTI93 
F4HCT394 
TAHCT423 
74HCTS33 
T4aHCTS34 
?4HCTSA0 
74HCTS41 
74HCT563 
F4HCTS64 
FAaHCTS73 
T4HCTS74 
74HCT583 
T4HCTS97 
P4HCTSSD 
TAaHCTE43 
TSHCTH4S 
7SHCT646 
T4HCTBSA 
PAHCT651 
FaHCTES2 
FaHCTE7O 
F4HCTATD 
74HCT688 
74HCT40u2 
7AHCT4015, 
TAHCTAO’ 6 
FaHCTAC 7 
T4HCTs020 
FAHCT4N24 
FaHOT4I40 
74HCTAO46 
74h CTA05* 
P4HCT4NS2 
74HCT4053 
7F4aHCTAI59 
TaHCT 4060 
FSR CTA066 
FaHCTs067 
T4HOTSU7S 
FaHCTAUS4 
FAH 14316 
74H CTA35" 
F4HCT4510 
P4HCTS511 
PAHOT4514 
7aHCT4515 
74HCT4S! 6 
T4HCT4520 
P4HOT4538 
F4HCT?OO? 0.99 
74aHCT 7046 280 
7aHCT 401 02 2 43 
74HCT40103 1.48 
F4HGTS0104 2.77 
T4HCT40105 1.82 


74HC SERIES 
SURFACE 
MOUNT 
74HOOOM 
74HCO2M 
F4HCO3M 
74HCoaM 
7aHCu04 
74HOo8M 
TSHC1ON 
T4HC 14M 
?4HC20M 
74HCI0M 
74HC32M 
T4HC 4A, 
74HC75M 
T4HCAS WM 
74HCBEM 
74HO129AM 
T4HC* PBN 
FAH 1320 
F4HC 198i 
74HC 19904 
TAH Saw 
74HC 157M 
T4HC16"M 
P4HC 64d 
7aHC 165M 
74H 73M 
74HC1 74M 
74HO22" AM 
TAHOZ4OWA 
74HG244WwM O 
7aHC245AWy 
74HC251M 
74HC. 
F4HC273WA 


0.94 
‘64 
2.50 
161 
0.90 
1.02 


FAHOST St 
74HCaSOM 
7AHCAISM 


56] 74HC5S0WM 


74HC54 1M 
T4HCS7OAIM 
PAHCSTAW 
74HCHBSWM 
7aHCS0 17M 
7F4HC40200 
74hC40d0M 
TAHCAO4GM 
74HC4C60M 
74HCs056W 
74HC4598M C0 fd 


74F SERIES 


74FO0 028) 
74FO2 O28 


74F 14 
T4F20 
T4FO7 
T4FO 
7AFa2 
74F3? 
74F38 
F4F40 
PaFSt 
74F64 
7aF74 
74FB8S 
74F BG 
FaF109 
F4aFi2 
T4FI3 
TaF1id 
74F° 25 
F4F126 
74F132 
74F 198 
74F 139 
7aF 48 
7aF 157 
PAF ISS 
T4F ST 
74F758 
7aF160 
TAF I60A 
TAF 161 
TaF 162 
74F763 
T4F 164 
TAF IGE 
7aF 168 
74169 
T4Fr 78 
T4F175 
7aF1g° 
7aF 182 
79F 189 
74F°90 
74F197 
FAFIG2 
PAF ISS 
rar 194 
74F-9S 
F4F2'9 
PAF 224 
74F2740 
74241 
7aF 244 
vaF 245 
TaF25" 
FAFQSIA 
74F 253 
TaF 257 
TAF 257A 
T4F25B 
7aF259 
74F260 
T4F 269 
74F 279 
74F280 
T4F253 
7T4F299 
7aF 322 
74F 350 
TAF 352 
T4F353 
74F265 
T4F 966. 
74F 367 
T4F368 
TAF S73 
vara 
74377 
TSF 378 
74F 38) 
7AF385, 
7aFa95 
74F999 
TaF 412 
7T4F4°3 
7AFas2 
74FS21 
7aF524 
74F633 
74F 534 
P4537 


5) T4FS38 


74F539 
74F5a0 
T4F5d1 
T4F 543 
Tar Sa4 
74FS45 
faFsa7 
TSF579 
TAF 574 
T4FS79 
74F 604 
74F620 
74F621 
?4F629 
74F 646 
T4676 
74F821 
TaFa2d 
74FB25 
TaFS27 
74Faa" 
7aFaa3 
T4P R45 
74° 244 


4AC SERIES 


74AC00 
T4Acn2 
F4ACO4 
PAAR 
T4AC10 
T4AC11 
F4AC's 
74AC20 
74AC32 
TaacT4a 
74AC 109 
F4AC 12 
P4AC13R 
74AC139 
74AC151 
744C1Sa 
TAAC Ss? 
74AC158 
7480163 


74&C251 
T4AG259 
F4AC258 
FAAC273 
74hC283 
74AC2UR 
P4AC379 
T4ACR74 
F4AC377 
T4ACS40 
T6AC541 
T4AC5TS 
T4ACS74 
T4ACE45 
74AC64B 


3.66 
O60 
0.60 
Vio 
7.49) 
2.06 
O94 
ag2 
0.98 
0.98 
0.98 
1.38) 
138 
POA 
POA 


74C SERIES 


7400 
racaz 
7sCna 
WoO 
74014 
7aczy 
7ac30 
74aC32 
74042 
74C4B 
7aC73 
7ac74 
74C76 
74CB5 
74099 
74093 
74095 
740150 
740151 
740154 
7aC1a7 
74164 
740765 
7aC221 
74c240 
rac2a4 
740373 
T4C374 
74Cg0° 
7aCS02 


| 7aC903 


74Ca06 
74C907 
74C90B 
740911 
PaCuiz 


6) 74Cg14 


740915, 
740922 
7aC923 
740925 
740926 
740928 


745132 
745133 
748144 
7ASi3a 
74839 


‘1745140 


745153 
4S 187 
748163 
748174 


80) 245° 75 


375 


0.38 
u.49 
040 
0.40 
9.40 
0.40 
0.40 
040 
0.40 
0.48 
0.64 
oa 
065 
0.65 
D.68 
965 


74S$182 
745189 
745195 
748240 
7AS281 
faSpaa 
7aS257 
745256 
748260 
748273 
745274 
748280 
745283 
raSa74 
745394 
748412 
748436 
745437 
745972 
7as7a4 


7e12CTr 
7815 
78:8 
raza 
7BLOS 
7BLOSA 


056 
0.56 
0.56 
0.36) 
056 
Oga 
0.98 
0.68 
2.88 
2.98: 
12a 
og4 
1.26 
> 86) 


78LOSACLP O40 


FALOSACZ 
78Li2 
7BL124 
FOLIZACZ 
7BL1S 
Fel2s 


0.28 
028 
028 
0.30 
0.28 
0.28 


78512 
78S15 

7905 
75a 
FSOSFA 
7ace 

7912 
7o1ZA 
7912FA 
715 

7o18 

7924 
TOLizA 
7OL1ZACP 
T3MOS 
TIMOSA 
TOMUSFA 
7aM12 
7OM728 
LMat7T 
LM317MP- 
EM317LZ 
LMisaaK 
UATEGUIG 
UATSGUIC -.02 
ACSIS5N 1.80 


IN2S86RB 18 20 
IN388t 254 
INS9S74 6.55 
“N4001 0.04 
1N4QD2 604 
1N4003 O02 
IN6005 0.04 
164007 9.04 
1N4"48 6.03, 
1N414d9 006 
INS150 0.08 
IN4446 0.06 
IN4728A G24 
IN4735A 0.24 
IN47S6A 0.24 
IN4?740A 0.24 
IN4ATSIA (O24 
IN4744A 0.24 
IN47564 0.24 
INS226B 9.09 
*NS5292B 0.09 
INS2348 Gog 
1IN5337B «0.48 
INS349B 9.48 
INS352B 0.48 
1N53578 «0.48 
1N5365B O48 
1NS366B 0.48 
INSITOB «(0.45 
1N5380B (0.48 
IN5401 on 
*N5402 on 
IN62B7A 1.55 
1NB25 * 20 
INB254, 1.44 
1N827 1.40 
18S252 
5082-2800 
30B2-2810 
5082-2895. 
AAI‘S 

AAI44 

AAZNS 

AAZI? 

AAZIE 

BAY"O 

BAv4S 

BAW62 

BAKI6 

88204 

Ba2"2 

BB405B 

BBaUS 

BY179 

BY?60 200 

BY 261-200 
BYV2B-100 
BYV3?-50 
CVBANS 

BS16C 

Myv1404 

M209 

GaA200 

QA202 

oaar 

DAg0. 

PSKES6A 
PEKEITA 
RECSdA 
2PD2.7v 


048 
0.55 
o28 
0.32 
0.60 
055 
0.36 
636 
G78 
030 
030 
0.30 
0.45 
o35 
42 
042 
0.65 
0.50 
0.60 
0.50 
1.06 
056 
445 
1.02 


ZENER DIODES 
misc, 


BZYSICIVS 2.665 
BZy9IC15 2.66 
BZY93C--8R2 66 
BZYS3C20 2.56 
B2YS3C24¥ 2.6F 
BZY93C39H 2.66 
BZT08C120 0.40 
82x61C9V2 0 09 
BZx6: Cr4v 0.09 
ZENER DIODES 
400mw 
24 10 75 
Price: 6p each 


ZENER DIODES: 
Ss0OmW 

2.4 10 200 

Price: §p each 


ZENER DIODES 
1.3 WATT 

2.7¥ te 200V 

Price: Op each 


ZENER DIODES: 
3.0 WATT 
7.5¥ te 270¥ 
Price-40p each 
ZENER DIODES 
5.0 WATT 
3.3V to 200 
Price 42p each 


ZENER DIODES 
STUD MOUNT 


O.94:200VDIL 0 38 
S.04200¥ SIL.0.57 
6A DOV SIL +60 
BA200V SIL 1.56, 
354100¥ Sqr 2.96) 
KePC 1002 164 
KBPC3502 2.98 
WOCs 14/50 
9.32 

W02G- 1.54 0.40 
aywo2 040 
2KEB1OR/SIL 0.66 
2KBB20RISIL 0.70 
BOC 1S00'Sq 0.35 
BHOC1S00SIL 0.60 
SKBGOGB'60A POA 


CRYSTAL! 


HC49( HC18°U) 
Freq. MH? 
1.843200 
2.000000 
457600 
3.276800 
3.579545 
3 686400 
4 000000 
4.096000 ‘oD 
4.194304 “O 
4.433619 19 
4608000 * 10 
ag1sz0n 
5.000000'S 
5.068800 
5.242880 
§.488200 
6 ONGO00 
6.744000 
6.490000 
6552000 
6.553600 
7372800 
B.000G00 
8.867290 
9.390400 
10 00000 
10.69500 
17,0000 
12.00000 
13 87500 
* 4.00000 
14.3° B18/S. 
14 74560'S 
14. 74560 
*$.00000'S 
16.00000 
16,.c0000'S 
18.49200'S 
19. B6080'S 
20.00000;S 
22.17 640:S 
24.C0000'S 
27.64800'S, 
3G 00000'S 
32. 00000;3 
48.00000'S 
S = Serios 


HC33.U 


180 
6 
749 
oga 
110 
102 
102 


0.204800 
OW7200 
1.coo009 
1.843200 
2 n00000 
2097152 
2.457600 
2.500000 
4.000000 


#23 
699 
3.95 
37° 
465 
371 
192 
1.92 
2.25 


HCas/UaH 


Z.276H00 
3.579545 
5.068800 
7 264320 
8.coou00 
10.Go0nn, 
11.05920 
12 00000 
14.00000 
6.00000 
20.00000 
24.00000 


UM-1 


8.900000 
192000 
19.c0000 
1106009 
12 28800 
+5,000UG 
1P.73487 
18.09000 
70 00000 
27.0000G 
24.0900 


225 
2.02 
2.25 
2.25 
266 
2.25 
2.80 
250 


2.26 


225 
2.80 


CRYSTALS MISC, 


HCaa/T 
1.000000 6.99 
MINI CYLINDER 
0.032765 oe 


WATCH 
0.032768 1.62 


CRYST, 
OSC. MODULES 


8pin DIL 
Plastic pkg 
TTL Output 

4 Pins spaced at 

corners of penDit 


4, 4.9152. 8, 10 
12,766 20 
Price’ £2.98 €a, 


24.42, 40 & 
SOMHe 
Price £3.40 8a 


Freg.- MHz 
3.6864,4,8,10,12.16 
20,24,32,40 & 50 
Price: £4.20 each 


14pin DIL Layout 
Sealed Metal 
Apin Pkg 
Freq.= WHz 
IMHz £8.90 ea, 


44.9752 6.89. 4304. 
10 12.15.16, 

~ 8.432. 19.6608, 
20, 24, 25 & 3OMHz 
Price: £3.52 aa. 


30.22, 32.768, 
33.33. 40 & SOMHz 
Price: £4.46 ea, 
Programmable 
Crystal 
Oscillators 


EXO-3C SERIES 
Bpin DIL Plastic 
Package 
Freg.- Meg 
"2 14.31815, 16 
1.384.* 9.6608 & 
BOMHZ 
Price: £3.92 ea. 


16pin DIL Plastic 
Package 

Programrriace for 

57 Lhilt Frag venty 


SPGBSCAN 
0.005 16 BOOKHz 


SPGSE4AUBN 
G O08 tn - MHz 


SPG864UCN 


0.064 10 7GdebHz 


SPGBESOBN 
0.00083 to 100kKHz 


Price: £ 9.25 ea. 


DC te DC 
Convert 


TDX CE-0344 5 60 
BWSR 1a-¢5 27.50 
IPLS.010 23.40 


1 Watt OC;DC 
5V input +Output 
DIL & SIL by 
Newport 


») |NMAO50525V 


NMAgS09=9¥ 

NMAUS1P-12V 
WMAOS15+16¥ 
Price:£7,90ea. 


DC/DC Converters 
by Computer 
Products: 
PM623 24 60 
PMBETT 26 70 
PME672 26.70 
PMg03 44.00 
PMg51 46.50. 


RESISTORS 


METAL FILM 
0.25W 1% 
E24 Sories 


NB. Min Oty Order 
ur value 
METAL FILM 
PRECISION 
0.25 WATT 0.1% 
E96 Series 
100R to 255K 
Price: £0.94 each 


HIGH PRECISION 
NON-INDUCTIVE 
WIRE WOUND 
0.15 WATT 0.1% 


Tenp Coefl. 3ppm 
10R,50R 100R.250A, 
10K,100K 
Price; £3.85 each 


HIGH PRECISION 
NON4ANDUCTIVE 
WIRE WOUND 
0.33 WATT 0.1% 


Temp Coofl.3ppin 
18,57 *OR,20R 50R 
Price: £3.60 each 


1 DOF,120F, 250+ 
5Q0R,1K, 2K 5K, 

10K,.20K 

Price: €3.10 each 


MEMO! 
DYNAMIC RAM 


4164-10 
4164-12 
4164-15 
41256 8 

4° 256-10 

41 256-12 
1266-15 
41464 12 
414640 
4464-10 
414256470 
AAC256A2." 0 
44C256-8 600 
511000-85 = 8.45 
HM4H416AP 15 


1.40 
120 
120 
2.40 
240 
2.40 
224 
445 
445 
2.50 
390 
6.96 


10 to 1M 3p each |: 


KMa4aC29642-10 6.95} 
MSM4464P 15 4. 
M4‘ 16N.54 
MIKASh4N "5: 
NMC3764N-*5, 
UPD414640-12 
UPD41 4646-15 
Upn416C-2 
UPD416C-a 
UPOS469-1 


STATIC RAM 


2116-3L 
6264LP 10 
G264LP 12 
62256LP-12 
62256LP-1¢ 
CDM6116AE3 
CDM61 77AE3 
HMM1-6116-5 
HM3-67 * 6-3. 
HM6116LP-2 
HM6116LP 3 
HMMG1*7LP.3 
HM62256LP--0 
HM62644LP-1 2 
HM6264A5P.20 
HM6267P.35, 
HM628128LP 80 


HMBB204L 12 
KM62?7564LP-10 4 OE 
LHS164D.' OL 24 
P27 14AL-2 3A 
P2' 14a 4 34 
PCOS1I01P 130 
UPD43256AGU10L, 
8.3 
UPD432560-72 
UPD4364C-15 


UVPROMS 


27-28-26 
27 C644-15, 
27C2s6-15 
270256 25 
DP7256 f 
27C512D-12 
27C 19000 12 
27024096-12 
HM27C10'G-20 9B ' 
HN27C1024HG 10 
“BS: 

HN27CG4FP-20T 3.4 
HNQ?CeAG 15 4.2 
HN2FG64G-20 4 
HIN667532P 459 
HN482712HG-25, 
HN482764G 
M2T16-1F1 
MoL27a2kK, 44 
MSL2764K a3 
MBM27C64-20:21¥7 

ae 
MBM?7C128-30 4.2 
MBM27C256-3) 5.1 
NMG27C256D 25 

405 
NMC2P7C640-25 9 64 
TMS2516JL-45 4.54 
TMS27128N1-25 4.6q 
TMS271BJL-45 4 6 
UPD272560:21¥ 5 60 
UPDZ732A21¥ 4.9) 
UPO27C2560 15 6.49 
UPD270512D-15 6.94 
UPD27CH4D-25 4 95 


3.84 
3.5 


EEPROMS 


PBC256-1 SUX 
X26 1640 
M2H16AP-25 
X?B64AP-35 
24C01 
2ac02 
24004 
PACE 
28CO4A-20 
s9cit 
yaCo6 
33046 


MISC. MEMORIES. 


6341-15 4.58 
AM2'48-45D5 5, 
AMZTS7H1PC 5.99 
IDI7130LA-1onP 

POA 
IOT?12LA 100P 


ME84>4E 
MCMaO27AC3 
N&2S1764N 
Neé2S153N 
NAZS1B1AN 
NMCé6504-9 
NMCSGO6N 
PS10°L-1 
TBP 1aSOSON 
TAP P4510N 
TAP245A10N 
TCSS01P 
TCSLO4AP 2 
TC5516PL-15 
TCsh174P-2 
TOSS65PL-15 
TMS40) 1401 


CAPACITORS 
SURFACE MOUNT 


Multilayer Ceramic 
63 VOLT 

Case Sze 1206 
Loa .25em 


1OpF 22pF daof 
a7pF 
10GpF 220pF 330pF 


74AC 169 
74aCi74 
TAAC* 7S 
74AC197 
74AG240 
7T4AG241 
74AC2404 
P4AC2dS 


TALS 
7eMos 
FBMOSA 
FEM12 
7EMIZA 
7BM19A 
78M" 5 
78S05 


110 
032 
0.36 
932 
036 
CS 
0.32 
048 


7aHCT? 95 
7aHCT221 
74HCT237 
F4HCT238- 
T4HCT240 
7F4HCT241 
FACT 242 


4.60 
HM45416AP-204.25 
HY53C256L3-80 

1.60 
HYS3C464LS-80 

3.35 
HY¥B57 1000-5 8.45 


45053 
45068 
4b06U 
45063 
45108 
45118 
45°28 


aCOtBT 0.32 
4007BT O32 
4n118T 0.3? 
40: 1UBTO.3? 
4012B1 9.32 
4013BT O45 
a0150T GBa 


73HC534 
T4HCS40 
F4HCs4t 
7aHC563 
74HC564 
74HCS73 ; 
TSHOSTIA 1.72 


7aFo4 0.28 
7aFoe O74 
74F07 O74 
T4FO8 028 
74F10 O28 
PARAL 0.28 
7aFia v.62 


47OpF 1000pF 2200pf 
3900pF 470GoF 
10000, 

22000pF 33000pF 
Price’ 15p each 


F41S1A 
74153 
rats 
74156 
7ats? 
74158 
74159 


TALS 1624, 
T4L$163 
F4LS163A 
F4LS 164 
PALS165 
TalS*66 
7aLs* 68 


FALSE42-1 
F4LSHAS 
PALSa4 
FaLS645 
T4LS645-1 
TAL S646 
74LS652 


20 WATT 
7,.5V to 75V 
Price: £4.94 wa. 


HCMOS Output 


13.2mm sq 
Pins spaced at 
corners of BpinDIL 


BRIDGE 
RECTIFIERS: 


47O00pF 1 00090pF 
Price 18p each 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


ICROPR' 


“O114DES 
001410 
Aata KP 
6921P 


6a BOSKP 
6502 
65024 
6520P 
652 
65224 
#6551 
ASS1A 
GSCQ2P2 
boC02P3 
BEC Ugh 
BeC22P2 
BSCSIE-1 
ASCSIES 
BACDOP 10 
6AODOP-16 
BHOOOP-B 
AAQOBP-8 
6aor OP 12 
egdeP 
6BUSAP 
SROSEIE 
660P 
SB21P 
eB4UP 
AbddP 
BE45P 
fib45SP 
GHACOP 
BAACSP 
RAAZTP 
BAAdOP 
GAA50P 
6aB0oP 
6aB2sP 
6aBauP 
BORDA 
BOBS AH 2 
SObk 
SOBE-2 


BOC 2BA Aliph 
BOCSEA 
BUCBbA-2 
8118-3CH 
Aol 406 


3] 
& SUPPORT 


740 
980 
are 
420 


Ba4aSCP 325m 19.93 


10.07 


SNCZBB-12/pga 44 50 


24 40 
4a5 
$94 
60 
7.0 
26s 
2.68 


240 

AMZ6iS31D0 2.40 
AMZ6LS31PG 1 26 
‘SADC 10.20 

SHIPC Geb 

AHO 12 96 

655 

AM29G0PC 398 
AN298260C 334 
ANIRBSOL a2 
AMBZIE PLS 5.80 
AMSDSOCDC 495 
AMULSOCRC = 4.60 
AMS CaO PC 2.62 
AMST4BDRM 9 56 
AMSG PC 9 66 


AMO6LOZPC 


AY-6-8196-006 


CHOS3 
CAG0CBSE 
cbaecas 
CD42CabH-s 
CGROC2HE-12 
CORIGZAE 16 
SOUMIB1IG 
SOMBICT? 
cPaecs4 
ORT. BODd-001 
CSa2ns, 
o2232 
OaoB6 
Oaupb-2 
Bazn2s, 
bea54-2 
DBPALA 
D8268 
De2C2b4-12 
Op2Cens-4 
OReC2HA 16 
Op2Ge88 17 
Op2ne88 & 
‘Dara8H 
OMUBU IN 
TP a225N 
OP@235N 
OPS204 6M, 
OP S317 N 
OS 122! 
081251-20 
nyt Pa 
OS2486N 
OS34B7N 
OS34dC86N 
OS34C87N 
O53691N 
OS3692M 
DS36g9N 
DS3B94N 
OS3691N 
DSSbb24 
Dsso00-32-* 
DSaRaGN 
OSBB264N 
OSBHg2H 
OSHBd6M 
USaaa7N 
DSaadan 
EFoa0g4.1P 
EFoatgP 
EFeaz iP 
EFsaaoap 
CFRaBS*P 
EPS" 0PC-35 


HD1-0165 5 
HD1468184F 
HOD-6402-4 
HO3 6440-9 
03 6495 9 
HDs4863 
Hoaesusse 
HDa6e02F 
HO6321P 
HDb3485P532 
HEBIECIXP 
HD6B0CG. 6 
HDGH4SSP 
HDORBASZF 
HOGEB2" P 
HIg- 7159-5 
Hig-7 1594-5 
HMId22 
IG2C8GH 
IMB492AIPL 
IMé40el PL 
IMé4031 PL 
IMS260GP. "5 
INSB250N 
INSB250N Ft 
MSMB2C514P. 
MSMB2CS4P-6 


10:96 
4.20 
616 
6.a9 
B89 
952 
9.65 
§ 50 
420 

32 50 


TAO 
4.20 


640 


| MARGOI1AHI2P 4.56 


MABBOISHL 6P 5.96 
MiG10103P * 98 
MCIG 11 SL 3.25 
MC1o115P +98 
MO146805C2P 9.18 
MOG 000F 1216 POA 
MCeaoP or POA 
Mceao2P 2A? 
MCEBOoF B78 
MCGB21P 1.89 
MCGBAOP 5.05 
MCaHAAP 16.40 
MCBad5P 7.38 
MCRaSOP 35 
MOBET0SR3P 75.05 
Mc6a4.007 Vine 
MCé6a4UgP 7.62 
MCA dP 5.60 
MOMGA10P 300 
MCMBa41 OP 5.35 
MMS3200N 3.40 
MMS8'bFBN 10 64 
MMS51744N 14 60 
MME8274CN 918 
MSMS832AS 399 
MSMBOCISAS 4.y0) 
MSMBCGASA 395 
MSMBOCASA-2 5.98 
MSMBOCEB 7.60 
MSMa1C35 460 
MSMaeco14 358 
MSMS2C53-2 398 
MSMB2C53-5 96a 
MSMB2054-2 4 20) 
MSMBb2C5g94 2 398 
MSMBa2cd44, 330 
MSMa2CHIA.2 2.60 
MSMA2a8 12 

NAOC2ZR6. 10'pl 24 

NAOC286- 12 pl 2S 

NHOLYHE-8C2:plab.20 
MAP BSN 3.66 
NASodhy 3.68 
Na2S 1264N 3.25 
NaS 1a 1F 10.04 
N&* 64650 4 fil 
NS*6! FM 32 60 
NSCBUDM-1 10 BG: 
PaGse4H 4a 
Paosi aH 1120 


Pagb241'Bersic: 
Paola 
PeOeba-2 
PROBSAH-2 
son 
PSOCIIEY 
PROCBBAL 2 
PBISSH'2 
PAIS 

PR205 

Pa2te 

Pageb 

Pues' 4 

Paes3 
Pa2554-5 
PBS 

Pe2594, 

Pera 
Pa274-5 
PRaa2 

PR2BS 
PRacta 
PauCh42 

PAL TOLACK 
PAL TP HGON 
PALIGAABCN 
PAL2OLIOGNS: 
PALZOXHCNS: 
PALGTELSD 25: 


23:45 


12.60 
6.98 
16.'0 


6 10 


PALG2. 8245005 


S17 


PaLoZ2v4NH ASO 


PCRRSAAP 
POFS ybbR 
POPSSRRT 
POF SS70F 
POFBS?IP 
PCFsSTaP 
PCRBSTS I 
POFRSOTP 
Reso24P 


j AESCazPs 


RBSC 102P2 
ABSA Pe 
S6s02eP2 


SABEOCa2P 


834 
828 
828 
a 28 


5468155-P 
S4ha2594P 


36? 
359 


SABS2C54-2-P 412 
SABS2055A-2-P 4 Ao 


SCB0G4S 1ccn64*3. 60) 
SCN2661oc1283 35 
SCNZEElcon28 3.35 
PAL Rd 130N 2.98 
TLIGCSS2FN 12,35 
TMPTCO2NL-2 4.57 
TMPAOBSAP-2 5.98 
TMS3477 NL 6 68 
TMSa7DUNSB 8.78 
TMSO702ANS5 8 7H 
TMS3B3954NS5 755 
TMS?7COINL 1674 
TMSS80CNL = 24.40 
TM S990 1 NL 14.16 
TMSSSCZANL 15.04 
THSSS144NL 23.10 
TMS9S284NL 7.40 
TMSgg95/DL 69,85 
UAgESBACP 1.98 
UAB ST A 4.98 
JASE3BCP 138 
UASB39CP 198 
UMEa45B. 4.95 
UM91 5+ POA 
UM9151-3 POA 
UPBA238 POA 
UPBB282C 4.98 
UPBaZ5da0 ame 
UPBa286C 498 
UPDTOIOBC-70 9.10 
UPD/G1OBC-B 6.95 
JP OF 60-10 12.99 
UPDTOI6C A 9.20 
UPD?1055C 4.38 
UPD?201AG 7° 1.68 
UFDT20IC 6.60 
UPOTESAC 542 
UPN765aC f 42 
UPD?B0C 4 476 
UPDSOC3SSHC 8 42 
UPD8‘5SHD a.84 
¢ 4.08 
332 
3.32 
UPDEZHEC POA 
UPORF4'AD 12.52 
UPDET4SHO = 13.98 
V20-10MHz 3.70 
‘V20-8MHz 6.95 
W30 1OMH2 “2.50 
VIO SMe 920 
VEIGIOP 7 60 
VCOIGENE 4 GU 
FOBOGITNPSS 16 90 
2088481" 2PSC 320 
Z160-MPJ POA 
ZBOWIB-CPU 11.96 
ZANIAONEVSE = 8.25 
FAG uU 1.25 
Ze04-CTC 1.98 
ZHUA-DAAT 3.1b 
ZAGA DMA 3.95 
ZAOA PID 125 
2a04-SI0'9 340 
280B-CPL 152 
Zab CTO jac 
7308. DART § a0 
ZB0B-DMA POA 
Ze0B-PIG 2.20 
7608 S10 4.50 
Z80C00AB6 2.58 
TELECOM & SPECIA 
FUNCTION ICs 
B2aO890-1a = 3 FG 
TOF WUe020 5.29 
GAUSUGIGDB 3.20 
KS AB255 LO 
MJ7464R8 
MIKS175N 
OC-14 fe? 
PBD352303 
PPIAC1OS 
O4drcd 
OMVIEBPS 
OM 1aC 
OMW1aCNT 
UMW 1a CW 1 
OMY25C 3.42 
OMVB2AYYT 6.90 
S4534-AMI 429 
SASSBSU 2.95 
SAA5025D 5.40 
SOMB6115P 3.49 
S8GS?Pos0 4.55 
SP14s0B 5.76 
ULASHBN2S—1 = 6.80 
ULA20RKOOSE 159 72 
XR. T5689 3.60 
ZNS2L029)-BS 3.80 
2NPCMIJ-BS 895 
OPTO 
ELECTRONICS 
anas 0.60 
ange 60 
aNga uo 
ange IS6 
6N1a9 60 
CNXS6 0.36 
CNYI7-a O68 
CNY21N POA 
DFOB a4g 
HCPL-2200) 5.98 
HGPL-2231 5.96 
HCPL 2602 568 
HCPL 2630 3.68 
HCPL-2730 3AS 
HCPL-2/31 3.20 
HCPL-4200 5.96 
LO? 744 
Lat *60 
ILar4 2.25 
Isard 225 


VIEWCOM ELECTRONICS 


|AOGOASMCON 10.80 


TILIG0 198 
TILI1* 060 
TILING 060 
TILT? gas 
ThL*g 120 
TILSi1 9.66 
TLPSO4A 1.58 
TLPS21-4GB 4.20 
TORXITS 4.96 
TOTMIT3 4.96 
J600BM BB a40 
49620'BB Poa, 
§55-TIMER, 0.20 
64" -1d POA 
74 OPAMP OAB 
ADOPO?CNH 214 
4 0S201N POA 
A0S24 2t.82 
ADS34JH PFOA 
ADS37JH POA 
ADS48JN 780 
ADSTaIN POA 
ADS581JH 492 
ADSA1KCSASMDS.97] 
ADS8540 Poa, 
ADSS2C0N POs, 
A0SHAD 12.64 
A05954D 10.20 
ADEABIN 3.40 
AD?OTJN 3.40 
ADT1 IN 234 
AGT*2JN 3.72 
ABT245JNKN POA 
ADT41KN 369 
ADT>23KN 980 
ADTSI7JIN uz 98 
ADT5S7LN POA 
ADTH42K he POA, 
AD?S43ICWE POA 
AD FS BKN 46.15 
AOHI4AN B72 
ADCOEAO4LON 4.20 


ADCOA2ICON 22.49 


ADCEOLOWM 12.10 


ADGE4KG 10 12.66 
ADCSOBE IP "H42 
ADDACBON POA 
ADGZO1IAKN 4 BB 
ADOPGTON 292 
4H001SCD 17 20 
AY-3-127 3 6¢ 
AY-5-1018 4.20 
WY 5 1G15A 3.24 
AY-3-1015D 3.60 
AY-5-1250 POA 
AY S-J600-PAO) 9.96 
AARIOR 765 
BAG208 740 
CASU4E 0.57 
CAS0¢6/SMD) 0.89 
GA3054 o.94 
CA3059 120 
CA30784T 242 
CAgu7S Gad 
GAIGROP C7 
CA308" 0.96 
CAa089E 1.22 
CAgadAE 216 
CAICBBAL 3.45 
A2096CE 1.82 
CAaOo FE 2.60 
OA} 20F POA 
CA3308T 920 
CASIS0E 110 
CA31A04E 134 
CASTa0E ada 
CAI146° q90 
GAI160E 126 
CAI240E o98 
CAGZIOE1 2.416 
Cagz4— 0.98 
CAI260E 168 
GAIZBOAE 5.44 
ASZB0E 3.42 
CASSSCE 0.20 
CATAICE O16 
035503. KD POA, 
Cx79258 POA, 
Oeycl POA 
BACOBDOLCN 4.10 
DACORS2LCN 10 AF 
DACIBCP 260 
DACOBEP 364 
DAG*O0aLEN 19073 
DACi222L0N 20 an 
DG201ABK 383 
BG211 1.56 
DGscéac) 98 
OGsosCJ 425 
DS1485N 036 
DS14C8SM:SMD 1.65 
DS14C8sN 1.65 
Os14caa4n 1.65 
HAI2017 1.4 
:A13426 11.96 
HAI? 29 "1d 
HO7s189P POA 
HEFaTSay 22.20 
Hit G20° 5 3.60 
HI1-3064-5 "1.24 
HI1-343-5 POA 


HH-S7daKO 5 42.50 


$3-0201-5 3.20 
HIa-05094-5 7.15 
HIg-201-5 3.20 
HIILA POA 
HSS744K 18 20 


ICLF704-16CPL26 08 
ICL u7COHFPLCC 


5 20 
1GL > NCP 1 985 
ICUMEGPL 6.74 
IG7GPL 6.4 
CLT ECPL 6.74 
ICLF1A5CR 1 B98 
IGLFg6CPL «6.94 | 
ICL7197CFL 6.94 
ICLTBNECIN 12.24 


77 UPPERTON ROAD WEST 
PLAISTOW, LONDON E13 SLT 


PLEASE PHONE/WRITE FOR ITEMS NOT LISTED 
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ICL7611DGP& 
ICL7621DCPA 


ICLTe22 
ICL7ESOCPO 


IGL76S05CPD 
IGL?652BCPD 


ICL7652CPD 
ICL7660CPA, 


ISL7660SCR 4, 


ICLTBG2CP 4, 
ICL7BGIBCJA 


ICL7663BCP4 


ICLTE64C PA, 


ICL7665ACPA 


ICL7673CPA 


ICLa0524CPD 


ICLao6BAJD 


IGLaonsCCsg 
ICLEO89DCSQ, 
ISLacgsDCZR 


ICLB211GP 4 
ICLB212CPA, 
ICM?1 7OIPG 


ICM 2074 IPO. 


ICM7207 PD 
ICM 72091P 4, 


IOMT7211AMIPL 
IGM7211 MIPL 


1.32 
138 
POA 
4.98 
f.27 
Bed 
8.24 
140 
38c 
4a 
6.78 
5.19, 
785 
4.965 
736 
6.73 
41,38 
a75 
288 
268 
256 
2.48 
Baz 
642 
642 
3.75 
4.68 
465 


ICM7212AMIPL 3 BB 


ICMT2131PD 
IOM721 641M 
IGM7217AIPI 
IGM721 7B 
lOMP721 71d 
ICMT2* BALL 
ICM 27 a4IP! 
ICM727180IN 
ICMF218E1JL 
ICM7224 IPL 
OM 722641JL 
ICM 7226BIFL 
ICM7249IDM 
ICMTSSsIBA, 
ICM7SS5IF-4, 
IOM7S561PD 
IMé49031PL 
Lara 

Layv2eM 
L23E 

2374 
apuscy 
Laa7 

L466 


LOWW14CJ 
LFigs0eD: 
LFa11H 
LFIATN 
LF35°N 
LFS53N 
LFSS5SN 
LF356N 
LF3578N 
LFS57M/SMD 
LF357N 
LF398N 
LF411CN 
LF4120N 
LE4a1GN 
LFaq2cn 
Faqitn 
LHOOO2CN 
LHOO32CG 
LMT aM 
LM10CN 
LMI IH 
LM GROOM 


{LMC 37O0N 


LN 391N 
LM1asJ 
LM14S8N 
LM1495N 
LM1a01N 
LM1a81N 
LM1a6gN 
LM189aN 
LM21BH 
LM239NN 
LM2901N 
LM290gN 
LM2anaN 
LM2g17N-14 
LM2a17 4-8 
LM2g40CT 15 
LMzga0C TS: 
LMegaacT 
LN3014N 
LM307N 
LM3uaN 
LM310N 
LM311N. 
LMS11N-14 
LMg12H 
LM317AT 
UMS17T 
LM317T-8GS, 
LMg1BN 
LMI19N 
LM320LZ-72 
LMg244N, 
LMa2a) 
LMae4h 
LM325N 
LM3301N 
LMasaz 
LMa35Z 
LM3362-2.5 
LM3362-5.0 
LM337T 
LM3392.N 
LN339N 
LM3408T12 
LM340T-S 
LeessoT12 
LM340T 15 


458 
22 44 
g20 
10-42 
10.42 
6.85 
6.a5 
6.35 
14.76 
6.98 
26.12 
23.54 
POA 
240 
oge 
185 
10 8G 
2.10 
2.10 
3.90 
469 
220 
3415 
218 
2a4 
POA 
POA 
POA 
POs 
POA 
POA 
POA 
Pos, 
18.20 
10.80 
740 
0.98 
0. Bb 
182 
182 
408 


LWa40TS oD 
LM343H 330 
LMS465N 3.96 
LM348DP a49 
LM248N o40 
LN3s0T 6.85 
LM351N 260 
LM3584 032 
LM359N 468 
LMg60H 772 
LMI6IM/SMD 6.40 
LM363H-100 16.50 
LMS69DN 3.82 
LM369DAC: 

LM3B0N 

LMSB1AN 

LM3B52-1 2 
LM3852.2 5 270 
LM386M 1;SMD 165 
LM386N-1 140 
LM388N-3 1.86 
LMag6N-4 2.60 
LMG87 AN 3.90 
LM388N-1 4.25 
LM388N 3.40 
LM3e00N 1.60 
LM3509N 2.64 
LM3914N 440 
LM393N 0.30 
LeggaP 0.30 
LM394CN 5 98 
LM39seZ 276 
LM399H 7 as 
LMaz505 11.82 
LMSS5CN 0.28 
LMS65CN 7.48 
LM?10CH 24 
LM723CH 280 
LM7230N 0.70 
LM733GN 2.65 
LMT41Gu-14 0 2.20 
LMTa1CN O45 
LM7a7CH 240 
LM7a7ON o30 
LMFaGCr 
LM7aGce 

LMaa3n 

\ 528546, 

LS268B 

LSf210 é 
LT1006CNB 2.72 
L71990CT 458 
LT1028CNB 7.32 
LT! 032CN 4.70 
LT o70cT gd 
LT 083CP 862 
LT1086CT 290 
LTC*0s2 797 
LTC4BSCNB 2.16 
LTC430 440 
MS2184L POA 
Ma220 POA 
MS23BL POA 
M5238P POA 
M?06B1 7.25 
MAX1292CNG POA 


MAXZ32A4CPE 
MAX232CPE 
MAX232EWE 
MAX232N 
MAXZB0CPA 
MAx452CPA 
MAXB27CPA 
MAXBBOCPA, 
MAXBSCACPA 
MAXGSSGP A, 
MAXES?CPE 
MAXTZISCAG 
MAKE211CPA 
MAXSO1 BOPE 
MC1377P 
MC1419P 
MC14a11P 
MG1 dd 16L 
MG*4a95P 
MC 145406P 
MC14s55P 
MC1455P1 
MG 1458P_ 
MC 1488L 
MC1488P 
MC14694 
MG1459aL 
MO14894N, 
MC14B9L 

NC 14ByP 
MC1496N 
N01 558L 
MC1648P 
MC 1658r 
MC 1 TOSCR:, 
MG17230P 
MCG? 741GP 
MC32424P 
MG3301P 
MCI3G2P 
MC3340P 
MG33S/P 
MCaanaP 
MO34464P 
Mcaa79P 
MG3523U 
MCanzap 
MCT2 

MCT61 
MEIOCCN 
Mise 
MMS209N 
MMS3105N 
MMaOCSSN 
MPTS70D 
MUX24EQ 
MUR24FP 
MY5000P 
Mved1DP 
MvBa7ODP 
NESCG20N 
NES27N 
NESa2N 


POs, 
POA 
Ea 
228 
POA 
4m3 
ure 
1138 


O80 
1.60 
3.20 
1.49 
675 
7.92 
5.80 
12.75 
1.84 
“IB 
B95 
430 
576 
4.98 
td 
POA 
960 
960 
305 
956 
$52 
10 64 
a7 
GEG 


SIESS6H 
NESS30N 
NESS32AN 
NESS32N 
NESS344N 
NESSSN 
NESSE'SMD 
NESSEN 
NESsaN 
NESEAN 
NESESN 
NES67N 
NES68N6 
NESTON 
NESTIN 
NESBSN 
NES92'SMD 
NESS2N 
NESSZN14 
NEGOZAN 
NE6OZN 
NE6O4AN 
NE6OSN 
NEG124N 
NUMA5560) 
NJM45S8D% 
Oporcd 
OPOFoN 
OPoTcr 
OPOTEP 
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24 CM FM AMATEUR TELEVISION 


TRANSMITTER 


This article describes a simple ‘sure-fire’ FM ATV transmitter 
which uses surface mount technology throughout. It also 
outlines how a typical amateur TV station operates, and how to 
receive either signals direct from an amateur, or via a repeater. 


By Tim Forrester G4WIM 


OR some radio amateurs (and most 

probably the general public al 
large), the ability to communicate with 
other people at a distance has lost 
much of its mystic, possibly due to the 
sophisticated communications infra- 
structure most of the modern world 


now possesses. and the availability of 
high performance radio equipment for 


amateur use. However, for most peo- 
ple, these communications are usually 
limited to speech or fax, with possible 
use of slow scan TV still images by li 


censed radio amateurs. 

One field where it is still possible for 
amateurs to experiment and build 
their own equipment is that of fast 
sean television. Few visitors (licensed 
or nol) to a ham radio shack cquipped 
with television equipment fail to be en- 
thralled by the ability to talk and see 
the person ‘at the other end’, even if 
the other station is only a couple of 
miles away. 

Building up an ATV station does not 
have to be time consuming or expen- 


sive, especially as many households 
already have a camcorder and a satel- 
lite TV receiver. They only require a 
suitable transmitter and aerial to 
transmit piclures (an amateur radio li- 
cence is also obviously necessary). 


A brief background to 
amateur TV 


Radio amateurs have been experi- 
menting with fast scan TV (normal 
broadcast field and line rates) for 
many years, but due to licence and 
other technical restrictions experi- 
ments were usually conducted on the 
435 MHz (70 cm) band. The bandwidth 
available to amateurs on 70 cm is re- 
stricted. which means it is only possi- 
ble to use amplitude modulation (AM) 
with colour transmissions just being 
possible with careful filtering of the 
transmitter output. The use of ATV re- 
pealers in this band is certainly not 
possible! 

However, many radio amateurs use 
435 MHz AM vestigial sideband TV 
successfully for long distance one-to- 
one contacts, often over hundreds of 
miles when propagation conditions are 
favourable. 

Recently, with the advent of cheap 
satcllite TV receivers which cover the 
1.3-GHz amateur band, the possibility 
of high quality FM TV {colour and 
sound) has been made possible for 
many amateurs who previously would 
have thought that operation at such a 
high frequency would present too 
many problems, But perhaps more im- 
portantly, the 1.3-GHz band with its 
greater bandwidth has meant that ATV 
repeaters are able to be licensed. 

For those of you who would like 
more information about amateur TV 
generally, I suggest joining the British 
Amateur Television Club (BATC), they 
can be contacted at 5 Ware Orchard, 
Barby. Near Rugby. Warwickshire 
CV23 8UF. VHF Conununications at the 
same address as the BATC also tre- 
quently publishes ATV related pro- 


jects. 


Choosing a suitable 
satellite TV tuner 


Probably the best way to start discov- 
ering what amateur TV (ATY) is all 
about is to acquire a suitable receiver. 
The problem is with so many different 
models and standards, what sort to 
choose. | would not necessarily recom- 
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24 CM ATV TRANSMITTER 


mend dashing off to Dixons and buy- 
ing the latest hi-tech offering from 
Japan! 

As many satellite viewers regularly 
upgrade their equipment, it is best to 
try and search out a second-hand unit 


2 Watt 
Power Amplifier 


Buffer Amplifier 


hi 7 of “rc sesisieietd 7 1.3GHz 
which can be modified if necessary. — Vatage 
rhis is the approach most 24-cm ATV Pre-Emphasis Controlled 


beginners tend to take. Often the small ORE 


ads in the local paper contain suitable 
tuners which can be modified. At the 
moment there is a glut of BSB units, 
some of them brand new, going tor ae 6MHz 
* ee = oun Voltage 

under £20. The problem is that they Em Aae Controlled 
were designed for D2MAC which uses Osc 
slighily different pre-emphasis and 
ligi ~ 7 < 38 ¥ ‘ 5 oe 
digital sound, so unles you are pre sia aaa 
pared to spend some time and moncy 

«pine eee e Loop 
modifying them for PAL and building a Filter 
sound demodulator, | suggest looking 


for more basic equipment. 


The following is a list of tuncrs ay hen oiss - 
which are known to work well with lit- MHz Reg 
i ; Ref OSC 
ue or no modification. There are many & 


more types which could work equally Divider 

well, but unfortunately it is beyond the 940027 - 11 
scope of this article to give a complete 
list, A chat with your local ATV techni- 
cal expert will probably put you on the 
right track. 


Fig. 1. Block schematic of the ATV transmitter. 


Make Model 

Nokia SAT1600 

Nokia SAT1700 Callsign Channel Location 

PACE PRD800 

PACE PRD9O00 GB3CT RT2 Crawley 

BUSII SM 1000 GB3ET RTS Emley Moor 

GB3GT RT2 Glasgow 
GB3GV RT2 Leicester 

Amateur TV repeaters GB3HV—saRT3 High Wyeambe 
The main advantage of a repeater is GB3LO RT2R Lowestoft 
that everyone can see (and hear) every- GB3MV RT2R Northampton 
one else. even if they are using low GB3NV RT2 Nottingham 
power from a poor location with no- GB3PV RT2 Cambridge 
body else within ‘simplex’ (one-way) GB3RT RT2 Coventry 
range. Obviously, the better sited GB3TG RT103 Milton Keynes 
(higher) the repeater, the greater the GB3TN RT2R Fakenham 
coverage and number of viewers it is GB3TT RT2R Chesterfield 
likely to have. GB3TV RT2 Dunstable 

The ATV repeater GB3MV, for in- GB3UD RT2 Stoke on Trent 
stance, covers the town of GB3UT RT1 Bath Non-operational 
Northampton and surrounding  vil- GB3VI RT? Hastings Non-operational pending change 
lages. Several stations usc powers of ; to FM 
less than 50 mW at distances of more GB3VR RT2 Worthing 
than 12 miles away to access the re- GB3XT RT103 Burton on Trent 
peater with noise-free pictures. The re- GB3ZZ RT2 Bristol 
peater itself runs 10 waits output into ; 
an omni-directional ‘Alford’ slot aerial ATV repeater channel frequencies 
which is also used on receive (simulta- 
neously!) by means of careful filtering. Channel Input freq. Output freq. 

Stations running such low power 
are able to access the repeater by RT1 1276 MHz 1311.5 MHz 
virtuc of its very low-noise (sensitive) RT2 1249 MHz 1318.5 MHz 
receiver and optimized FM demodula- RT2R 1249 MHz = 1316 MHz 
tor. RT3 1248 MHz 1308 MHz 

There are now a number of active RT101 10200 MHz = =10040 MHz 
repeaters throughout the country, RT102 10255 MHz = 10150 MHz 
with more becoming operative cvery RT103 10250 MHz = 10150 MHz 


year. Typically, they are left on air 24 
hours a day transmitting test cards Table 1. Main data on ATV repeaters in the UK. 
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when not actually being used as a re- 
peater. The test card in beacon mode 
serves as a useful signal for people 
wishing to aim their antennas and 
align receivers. The test card ‘pages’ 
contain the usual colour bars and 
often text carrying local amateur radio 
news and technical details about the 
repeater. Every few minutes the re- 
peaters also identify themselves in CW 
(morse code) on the audio channel. 
The presence of a video signal on 
the repeaters input will result in the 
repeater becoming active and relaying 
the signal being received. In most 


MSA-0886 
ol 


par 


LM7808CT 


cases, there is no need for tone access 
as with voice repeaters. 

Table 1 gives a list of 1.3 GHz 
(24 cm) repeaters in the UK along with 
their channel numbers (apologies if 
any of the data below is out of date by 
the time this article is published). 

Recenlly, to increase the coverage 
area of ATV repeaters, plans are being 
formulated to link one repeater to an- 
other using point-to-point microwave 
links. Indeed, GB3TG is already linked 
to GB3TV via 10 GHz (3 cm), and there 
are plans to link GB3MV to GB38TV via 
GB3TG on possibly 2.3 GHz (13 em). 


css (C33 


c21 Ei 
aa 
100n |33) [ir 


Design of a 24-cm ATV 
transmitter 


Due to the availability of satellite re- 
ceivers, getting going on receive is usu- 
ally the first step towards operating on 
TV and normally presents few prob- 
lems. Having successfully received 
some amateur signals, viewers more 
often than not want to start transmit- 
ting as well! The problem is how to 
construct an effective transmitter, 
given the inherent problems of 1.3GHz 
construction. 

One of the major hurdles with any 


MC145151P2 


Channel 
Select 


940027 - 12 


Fig. 2. Circuit diagram of the 24-cm ATV FM amateur television (ATV) transmitter. 
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1.3-GHz design is consistency, i.e., en- 
suring that any copy of the design is 
built exactly the same, even down to 
component lead lengths. height above 
the PCB, etc. Other problems are the 
frequency stability and power output 
— both must be adequate to ensure a 
noise free picture into the repeater. 

Dealing with the problem of compo- 
nents first, this design is totally sur- 
face mount. That means all the 
components are soldered directly to 
the board with pre-set lead lengths 
and at a pre-determined height above 
the PCB. 

This technique ensures a high de- 
gree of repeatability, and, as a bonus, 
a compact, easily portable unit for 
‘outside broadcast’ use! 

Obviously, a free-running oscillator 
at 1.3 GHz is going to drift, but as the 
receiver bandwidth is — typically 
15 MHz, that is nol too much of a 
problem. This transmitter, though, is a 
fairly powerful compact design, and 
the heat dissipated by other parts of 
the circuit could lead to unacceptable 
amounts of frequency drift. Therefore, 
a simple phase locked loop (PLL) is in- 
cluded to maintain frequency stability 
— more on the design of the loop later. 
If operators do not mind the occasional 
re-tune of the transmitter frequency, it 
is possible to leave out the PLL circuits 
and install a potentiometer to set the 
operating frequency. This approach 
makes for a unil costing approximately 
£30 less than for the complete device. 
Of course, the PLL circuit could always 
be added at a later date. 

RF power gain al 1.38 GHz can be 
difficult to achieve (and expensive) 
using individual components. 
Fortunately these days it is possible Lo 
buy RF power amplifiers which come 
in the form of modules offering guar- 
anteed performance. Their cost is con- 
siderably less than buying the 
individual parts, and there are no 
alignment problems. 

The inclusion of the sound circuitry 
is very simple, based upon well proven 
techniques, and does not merit much 
descriplion. It, too, uses surface 
mount paris for the sake of consis- 
tency and case of mounting the PCB. 
Other designs have been published 
which use more complex audio circuits 
and sub-carrier oscillators, but it has 
been found that this simple circuit is 
perfectly adequate for working simplex 
and into the repeater, GB3MV actually 
uses a more complex arrangement to 
peak-limit the deviation and maintain 
ithe sub-carrier frequency to tighter 
limits. 

As mentioned above, 70-cm ATV 
has traditionally used amplitude mod- 
ulation (AM) which means that all the 
modulation stages and subsequent 
amplifiers had to be linear if picture 


distortion was to be avoided, 

On 24 em, frequency modulation 
(FM) is almost universally used. FM of- 
fers several advantages over AM for TV 
work, and few disadvantages. Perhaps 
the major advantage is that RF ampli- 
fiers can operate in class C, i.e., a non- 
linear, but high efficiency mode. Also, 
a properly designed FM TV receiver 
can exhibit a much better picture 
quality for a lower RF signal to noise 
ralio at the receiver input. These two 
reasons alone explain why FM is used 
for satellite TV broadcasting. and why 
amateurs have adopted similar tech- 
niques and standards. 

Broadly speaking, any FM TV trans- 
mitter comprises the same basic 
stages, as follows: 


(1) RF oscillator, cither on frequency or 
multiplied to final frequency: 

(2) Pre-emphasized FM modulator, 
usually associated with (1) above; 

(3) Frequency maintaining phase 
locked loop: 

(4) Sound amplifier and sub-carrier 
oscillator: 

(5) RF power amplifiers, 


As can be seen from the block diagram 
in Fig. 1, the present design follows 
the basic principles outlined above. 

The circuit is given in detail in 
Fig. 2. The RF oscillator is formed by 
Ty, running directly at 1.3 GIlz. 
Varicap diode Dy is used to modulate 
the oscillator’s frequency with both 
baseband video and the 6-MHz sound 
sub-carrier. In conjunction with the 
PLL circuits it also maintains the de- 
sired mean frequency. 

As FM noise rises with frequency. a 
better overall system signal to noise 
ratio can be achieved by boosting (pre- 
emphasising) the high frequency video 
signal, and then using de-emphasis at 
the receiver to restore the desired fat 
frequency response — the same princi- 
ple as used on terrestrial FM radio. 

In this design, the components be- 
tween J» and Ry, perform pre-empha- 
sis to CCIR 405, a widely used 
broadcast standard. Preset Rog sets 
the total video deviation. 

Integrated circuits Ug, and Us am- 
plify the low-level signal from T, up to 
about 2 watts output. 

The transmitter RF output is turned 
on by applying bias to Us via a switch 
on Jy. The PLL is left, running all the 
time power is applicd to the unit. 

Circuil Uy is a the sound pre-ampli- 
fier and pre-emphasis circuit. with T, 
being a frequency-modulated 6-MIlIz 
oscillator. The exact frequeney and 
level of the sound sub-carrier is set by 
Cog and Rj» respectively. 

The PLL used in this design is very 
basic and uses only two ICs. U, and 
U;. There is no loop filter opamp. 
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Instead, the outpul of Us, is used di- 
recy to drive the loop filter whose oul- 
put (via R3,) controls the mean voltage 
on D,. and thus the oscillator fre- 
quency. R,; and R, are in series purely 
to make the PCB layout casier! 

U; is used as a fixed divide-by-128 
prescaler to bring the output of Ty 
down to within range of Us. The refer- 
ence frequency of Us for use with ils 
internal phase detector is 8 MHz di- 
vided by 2048, giving a reference of 
3.90625 kHz. This results in a channel 
step of 560 kHz at 1.3 GHz when it is 
effectively multiplied by 128 with Uy. 

For good quality pictures, the over- 
all frequency response of a TV trans- 
mitter ideally would be from DC to 
approximately 5.5 MIiz. Usually, the 
high frequencies are not too much of a 
problem, provided care is taken with 
the design. However, when using a PLL 
which tries to maintain the nominal 
carricr frequency, if the PLL band- 
width is too great. it can effectively 
strip off any low frequeney compo- 
nents. Therefore. to ensure the PLL 
cannot attenuate or distort the low fre- 
quency frame syne pulses, it must 
have a loop bandwidth of less than 
50 Hz. The design presented here has 
a loop bandwidth of aboul 30 Hz, eas- 
ily low enough lo ensure adequate low 
frequency response. 

A side effect of using a low loop 
bandwidth with a basic design like this 
is the PLL lock time. Typically, the PLL 
could take several hundreds of mil- 
liseconds to acquire lock from switch 
on, That is why in this design the PLL 
is kept ‘alive’ all the time, and the 
transmitter turned on by applying bias 
to the PA. This technique offers the 
benefit of having a low-level signal pre- 
sent for picture alignment purposes 
before actually going ‘on-air’. 

The low loop band bandwidth of 
30 Hz also makes it very easy Lo atlen- 
uate any traces of the 3.90625 kHz ref- 
erence frequency, which may 
otherwise leak through into the signal 
path, and modulate the transmission. 

By varying the divide ratio in Us, it 
is possible to program any other fre- 
quency in the band to a resolution of 
500 kilz. With a jumper (or switch) 
across Js, the transmitter will operate 
on 1249 MHz, the most popular re- 
peater input frequency. Due to spreads 
in X;. Cog and Cag, the reference oscil- 
lator may not be exactly on 8 MHz, and 
may result in a slight frequency offset 
of up to 100 kHz — noi a problem with 
a 15-MHz reeciver bandwidth! If de- 
sired, Co, could be trimmed to ensure 
operation on exactly 1249MHz. 

Leaving J, open-circuil results in 
the transmitter operating on 
1265 MHz for simplex operation. All 
the ‘N’ programming inputs to U; have 
internal pull up resistors, so its quite 
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COMPONENTS LIST 


Resistors: 
All resistors and presets SMT 0.25W. 
Resistors size 1206, 

R1;R10 = 4kQ7 
R2;R3;R14;R15;R28;R29;R30 = 8kQ2 
R4;R32 = 470Q 

R5;R19 = 2kQ2 

R6 = 82kQ 

R7;R11 = 47Q 

R8;R21;R25 = 182 

R9;R31 = 1002 

R12;R26 = 1k2 preset (Bourns 3304W) 
R13;R16;R17 = 100kQ 

R18;R27 = 1kQ 

R20 = 1MQ preset (Bourns 3304W) 
R22 = 3000 
R23;R24 = 75Q 


Capacitors: 
All capacitors SMT series ATC100A, 
size 0805 unless otherwise noted 
C1;C4 = 68pF 

C2;C3 = 10uF electrolytic 

| C5;C14;C22;C26;C33; = 33uF tantalum 
C6 = 1nF5 

C7;C27;C28 = Thr 
C8;C18;C29-C32;C34;C35;C38;C39 = 
100nF ceramic, size 1206 

C9;C12 = 10pF 

C10;C16;C40;C41 = 1pF 
C11;C18;C17;C21;C23;C24;C25;C36 = 
47pF 

C13 = SpF trimmer (Stettner) 

C19 = 220pF 

C20 = 25pF trimmer (Stettner} 

C37 = 1nF ceramic, size 1206 


Semiconductors: 
D1;D2 = GF1B 
D3;D4;D5 = BB811 
T1= BFR30 

T2 = BFR92 

U1 = LM7808CT 
U2 = ICL7611DCBA 

U3 = MC145151P2 (Motorola) 
U4 = 78L05ACM 

| US = M67715 (Mitsubishi) 

U6 = MSA-0886 (Avantek) 

U7 = MB501L flatpack (Fujitsu) 


Inductors: 
All inductors SMT, Siemens SMD02 
L1;L4;L6 = OuH1 

|} L2;L3 = 10H 

/L5 =10nH 


Miscellaneous: 

J1-J6 = 2-pin header 

X1 = 8MHz crystal 

Printed circuit board (see p.22). 

Diecast case, Hammond 1590BB. 

Heatsink 7.5x9.7x2.5cm. (SKO04 75mm} 

BNC socket. 

2 miniature on/off switches. 

Jack (3.5mm) and DC supply socket. 
SMC RF socket. 


940027 
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Fig. 3. Artwork for the double-sided fibreglass printed circuit board designed for the trans- 
mitter. 
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in order to leave J« open-circuit. 


Construction 


Virtually all ihe parts used in this de- 
sign are readily available surface 
mount types, however there are a few 
parts which are normally leaded. X1, 
U, and Us; require converting to sur- 
face mount, easily achieved by forming 
the leads to fit Lhe pads on the PCB, 

Generally, the use of surface mount 
parts throughout makes installing the 
PCB into a case very easy with no need 
for special spacers etc. Additionally, by 
fastening the PCB directly down to the 
case, a good carth is ensured between 
the PCB ground plane, RF power am- 
plifier module and the case. This, in 
turn, leads to a more reproducible de- 
sign with less chance of RF instability 
due to circulating earth currents. 

The PCB is designed to fit into a 
standard diecast box approximately 
120 x 95 x 3.5 em (4.75 x 3.75 x 1.4 
inch). If continuous operation is envis- 
aged, an additional heatsink is recom- 
mended. Figure 4 shows how the PCB 
and controls are arranged, 

In certain critical areas operating at 
1.3 GHz, ATC capacitors are used. [| 
would not recommend using any other 
manulacturer, otherwise the circuits 
may not operate as intended. 

Building the unit up is very easy, 
providing a small-tipped iron, a pair of 
tweezers and fine pauge (832SWG or 
similar) solder are used. It is recom- 
mended that all passive parts are 
loaded first, followed by the semicon- 
ductors, leave fitting the RF power am- 
plifier till last when the unit has been 
tested and is ready to be finally in- 
stalled in its case. 

Ensure that when loading polarized 
components (especially diodes and ca- 
pacitors) they are titted the correct way 
around, An obvious statement, but 
when using surface mount compo- 
nents it is sometimes difficult to iden- 
lily which end is which. Figure 3 
shows the location of all parts on the 
PCB. and identifies the polarity of 
diodes and clectrolytic capacitors by 
means of a bar. So, with reference to 
the circuil diagram in Fig. 2 it is pos- 
sible to determine the correct orienta- 
tion, 

While building the unit, take care to 
inspect cach joint as its made. Then, if 
possible, before applying power, wash 
the PCB in a suitable solvent and then 
check all the joints again. Care in con- 
struction will save many hours of 
faullfinding and possibly damaged 
components, 


Testing 


It is assumed that constructors have 
no suilable 1.3-GHz test cquipment, 
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24 CM ATV TRANSMITTER 


Fig. 4. Internal view of the author’s prototype. Note how the PA module is bolted to the bot- 
tom of the enclosure and the heatsink on the back. 


but do have a satellite receiver, a 
source of composite video and a DVM 
or high-impedance multimeter. 

The first step is to ensure that the 
PLL is operating and holding the I[re- 
quency on 1249 MHz. Make sure that 
Js is in place, then apply power. 


Monitor the voltage at the junction of 


Rig and Ry. Next, adjust C;3 until the 
vollage reading is approximately 4 V. 
Remove the trimming tool after cach 
adjustment as stray capacilance from 
the trimming lool will often affect the 
oscillator’s free-running frequency and 
hence the required control voltage 
from the PLL. 

Remove the link, so programming 
the PLL for 1265 MHz, and note that 
the voltage increases to something less 
than 7.5 V. If all is well, replace the 
link and tune the satellite receiver to 
1249 MHz. A blank raster or similar 
should be on the screen. 

A small aerial (even a piece of wire 
would suffice} connected to the solder 
spot for pin 1 of Us may be necessary 
to ensure an adequate signal for the 
satellite TV tuner, bul take care not to 
overload the receiver. 

Set both Rjg and Rog fully counter- 
clockwise. Next, apply a video signal lo 
Js. Gradually turn Ry, clockwise until 
a picture is seen with a good balance 
between contrast and grey scale. 
Ideally, use a pattern generator as a 
source of video. 

Connect an electret microphone to 
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Jy, and set Ro, mid-way. Make sure 
that the satellite tuner sound channel 
is set for 6 MHz. While watching the 
picture, turn Ryg until a slight pattern- 
ing can be seen, then reduce it until it 
just becomes invisible. Adjust Cyg for 
maximum quicting on the sound chan- 
nel combined with best audio quality. 

Following the above procedure 
should be sufficient to get the unit op- 
erating, but some of the settings may 
require fine adjustment ‘on air’ when 
working a more distant station. 
Having completed the preliminary low 
power alignment, install the PCB into 
ils case and solder the RF power am- 
plifier in place. along with the RF out- 
put cable and other connections. With 
reference to the photograph in Fig. 4, 
note the use of copper tape under the 
PA module and PCB to aid RF earth- 
ing. 

if an RF output power meter or 
dummy load is available. connect it to 
the RF output, and with an ammeter 
in series with the main supply, turn 
the unit on and key the transmitter on 
by linking J 9. The total current drawn 
should be just under 1 A, and the RF 


output power approximately 2 W. 
Standby current should be about 
75 mA. 


Connecting the unit to an aerial is 
all that is required to go ‘on air’. 

I would recommend the use of a 
GSJVL quad loop yagi acrial, as this 
particular design offers excellent gain 
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and, perhaps more importantly, ade- 
quate bandwidth to cover both re- 
peater input and output frequencies, 
The designer of this antenna, Mike 
Waliers GSJVL, can be contacied al 26 
Fernhurst Close, Hayling Island, 
Hants, POL] ODT. 

Often two aerials are used, one for 
transmit and one for receive. If they 
are placed sufficiently far apart it is 
usually possible to run ‘look through’ 
on a repeater without any additional 
fillering. 


ATV operation 


Ideally all amateurs aiming to use ATV 
should try to run ‘look through’ when 
operating through a repeater. Running 
‘look through’ offers several advan- 
tages, probably the most important 
being able align and adjust your signal 
through the repeater for best effect. 
Secondly, if any one else wishes to use 
the repeater, he or she can usually be 
seem) to cause patterning. Etiquette 
normally decrees that the present user 
drop out and let the other station oper- 
ate! 

One of the unusual aspecis of ATV 
is that when a station is on air, other 
people (usually unlicensed) often get in 
on the act and find themselves being 
televised and sometimes having a con- 
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versalion wilh the person on the re- 
ceiving end! It seems to be an unwril- 
ten rule that this is permissible, 
providing the license holder is present 
to monitor proceedings. On this basis 
ATV can get the whole family involved 
in the hobby! 

For those stations watching but not 
able to transmit, talkback usually 
takes place on 144.750 MHz or 
144.725 MIlz, so offering full duplex 
operation of sound. 

NOTE If all of the above has got you 
fired-up and keen to disconnect the 
satellite tuner from the LNB and fit a 
23cm aerial in its place, a word of cau- 
tion. The d.c. power for LNB units is 
sent up the coax. That is OK if you are 
planning to fil a mast head preamp, 
and power it in the same manner as 
the LNB, but if your tuner has suffi- 
cient sensitivity or you live close to the 
repeater and decide you don't need a 
pre-amp, then be careful to either dis- 
connect the DC feed inside the tuner, 
or use an aerial which is a DC open 
circuit. 


Otherwise you stand a chance of 


shorting oul ihe LNB power feed. If it is 
not current-limited, you could do some 
damage. Some tuners however have an 
LNB fuse, in which case it is just a 
matter of removing the fuse when 
using an external aerial which is a 


short to d.c. 


Conclusion 


In an article such as this it is impossi- 
ble to cover and explain all the various 
aspects of ATV operation, but it is 
hoped that a little light has been shed 
on the subject for those readers who 
have never heard of amateur TV. 

Television is a very technical field 
and much more demanding in terms of 
equipment performance and operation 
than, say, voice communication. 
However, because of these problems, 
the rewards for success are that much 
greater and well worth the effort. 

Well that’s about it. hope to SEE 
you soon! a 


A high-quality printed circuit board for 
the 24cm ATV transmitter is available 
from the author. For price and ordering 
information, write to T. Forrester, 24 
Corran Close, Dallington, Northampton 
NN5 7AL. The author also supplies 
some of special components used in 
this project. Two suggested sources for 
the M67715 are Electronic Microwave 
Components (EMC) Ltd. (0376) 561116, 
and Misubishi Semiconductor Division 
(0707) 276100. 
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MINI PREAMPLIFIER 


Design by T. Giesberts 


The two major properties of the design described are simplicity 
and quality. Simplicity is achieved by omitting such 
superfluous facilities as tone control, mono-stereo selection, 
rumble filters, noise filters, and so on. Such measures also 
improve the quality, which may be further enhanced by the use 
of the best available components 


he changes that have taken place in 

the audio world over the past decade 
are reflected in design philosophy. In the 
past there were two clear camps in audio 
engineering: one that advocated full con- 
irol of frequency. the use of various fil- 
ters, and so on, and the other which wanted 
ihe minimum of controls, Nowadays, what 
is the use of a 33/78 input and a rumble 
filler in the absence of a record player? 
Why have a noise filter when available 
signal sources do not produce noise? And 
what is the use of a mono-stereo selec- 
tor’? Moreover, the quality of current sig- 


nal sources and the recording quality of 


compact discs surely make tone control, 


and equalizers superfluous? 

When all these facilities are omitted, 
what is left? Only the basic functions: 
inpul selection. volume control, balance 
control, and perhaps a separate selector 
for record out. These functions require 
relatively few components and that is an 
aspect that audio purists have always 
seen as a greal plus point. After all, what 
is not there can not cause noise or dis- 
tortion. 


The design 


Figure 1 shows that the omissions dis- 
cussed earlier resull in a fairly simple cir- 


cuit. The input signals enter via phono 
sockets K)-Kjy. Each of the inputs is in- 
dividually terminated by Rj-Ry9. Switch 
S, selecis the record out signal, which is 
applied to output sockets Kj, and K,4 via 
Ryg3 and Ryy. Switch So functions as the 
standard input selector. 

The signals at poles Aand B of Ss (left- 
hand and right-hand channels respect- 
ively) are applied to a further terminat- 
ing resistor, R,5 (Rig). The overall termi- 
nating impedance of the selected input 
has the standard value of 47 kQ. The sig- 
nals are then applied to a buffer stage, 
IC, and ICy, which is arranged as a unity 
gain amplifier. Since the NE5534 is not 
inherently unity gain stable, a compen- 
sation capacitor, C (C9). is connected be- 
iween pins 5 and 8. 

The output of the buffer is applied to 
a voltage amplifier, IC (IC4) via balance 
control P; and volume control Pp. The am- 
plification of IC (IC) is set to x5.5 with 
the aid of Roo-Rog (Ro5-Rog). This ensures 
that in spite of the losses in the balance 
control a nominal output level of 1 V is 
obtained with an input of 250 mV. 

The outputs of IC, and ICy are applied 
to outpul sockets Ky); and Kyig respect- 
ively via contacts of relay Re,. Delay stage 
T) arranges for the relay to be energized 
a few seconds after the supply has been 
switched on. This ensures that any switch- 
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Fig. 1. Circuit diagram of the mini preamplifier. 
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2 x 1N4148 


B1 = B80C1500 


Fig. 3. Circuit diagram of the power supply for the mini preamplifier. 
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Fig. 4. The THD characteristic leaves little to be desired. 
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MINI PREAMPLIFIER 


on noise is kept away [rom the outputs, 
On-off indication is given by D3-Rap. 
The design of the power supply follows 
the same philosophy as the amplifier: no 
complicated circuits where simple ones 
will do. Circuits IC, and ICg are vollage 
regulators. The delay stage derives its own 
supply directly from the secondary of the 
mains transform er via Dy, Ds, Rg, Cao. 


Enhancement measures 


Quality starts with the constituent com- 
ponents. For example, there are many 
types of phono inpul socket available, but 
for best results only gold-plated ones will 
do. Good-quality rotary switches are also 
a must, but these can prove difficult to 
obtain. The type of potentiometer used 
for the balance and volume controls has 
a very real influence on the quality of the 
amplifier. Again, for best results, use a 
top quality type, such as Alps. Capacitors 
Cy and Cy should preferably be MKT types, 
but MKP ones will do as well. Note, how- 
ever, that the printed circuit board (see 
Fig. 5) can cope with less expensive types 
of passive components as well. 

There is a wide choice of integrated cir- 
cuils as shown in the parts list. This does 
not mean that the NE5534 used in the 
prototype is not a satisfactory choice, but 
there are olher, more expensive, types 
that may meet an individual need better. 
It should, however, be borne in mind thai 
a more expensive device does not always 
provide better aural quality. 

Of course, there are different yard- 
sticks for the buffer and the amplifier. For 
the buffer, low noise and a high input im- 
pedance are prime requirements, whereas 
for the amplifier a good gain-bandwidth 
product and a low output impedance are 
important. The slew rate reflects much 
about the quality ofan opamp. but its im- 
portance in top-quality audio equipment 
must not be exaggerated: other parameters 
may be just as important. 

Since few people will be able to try out 
all the operational amplifiers in the parts 
list, the author’s recommendations are 
the SSM2131 for 1lC, and IC» (the OPA627 
is also excellent, but perhaps rather ex- 
pensive for this application) and the 
OPA637 for IC, and ICq, In the latter case, 
the LT1028 and OP37 are good second 
choices. Bear in mind that all types which 
are not unily gain siable require special 
compensation when they are used as buffers. 
This compensation varies from one type 
to another and is not always wholly sat- 
isfactory. It is, therefore. best if the rec- 
ommended type is not used to choose an- 
other that is unity gain stable. Compensating 
capacitors C; and Cy should be omitted 
when unity gain stable types are used. 


Construction 


Before construction is started, cut or saw 
the printed circuit board in Fig. 5 into 
four along the lines indicated. Populating 
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the four constituent boards should prove 
straightforward. 

Interconnect E, F, G ‘—, O and ‘+ on 
the supply board and the amplifier board 
with appropriate lengths of flexible cir- 
cuil wire, 

Sandwich the other two boards together 
with the aid of spacers as shown in Fig. 7 
and interconnect them with short lengths 
of bare wire. The interconnections be- 
tween the boards near K,g3 and Kj,4 is via 
Ryy and Rj). Note that resistors R)—-Rj9 


are soldered directly to ihe terminals of 


the phono sockets. When the sandwich 


has been completed, connect A. B, and 
Cc, D to the amplifier board via two short 
lengths of screened cable. 

Connect the outputs of the amplifier 
board to output sockets K)5 and Kjg via 
two lengths of screened cable. 

The boards can then be built into a 
suitable enclosure. It is the intention that 
the sandwiched boards are mounted on 
the inside rear panel and that the spin- 
dles of the rotary switches are extended 
to the front panel—see Fig. 8. A suggested 
front panel suitable for a number of en- 
closures is shown in Fig. 6. It should not 


Fig. 5 (a). Printed circuit board (component layout) for the mini preamplifier. 


prove difficult to adapt this to a particu- 
lar enclosure. 


Some parameters 


¢ The input sensitivity is 250 mV into 
47 kQ for an output of 1 Vinto 100Q. 
« Channel separation is 82 dB at 1 kHz. 
¢ Noise suppression and total harmonic 
distortion (THD) are shown in Fig. 4. 


ELEKTOR ELECTRONICS FEBRUARY 1994 


og AUDIO & HI-FI 


Parts list 


Resistors: 

Ri-Ryo, Ry5, Rpg = 100 kQ 
Ry, Ryg = 1 kQ 

Rj7z. Ryg. Rg = 2-2 kQ 
Rjg. Rag = 680 2 

R91. Raq = 270 kQ 
RRo9, Rog = 221 Q, 1% 
Rox, Rog = 1 kQ. 1% 
Roz. Rog = 100 2 

Rog = 6.8 MQ 

Rg) = 180 2 


Potentiometers: 
P; = 10 kQ2. linear, stereo 
Py = 10 kQ, logarithmic, stereo 


Capacitors: 

C), Cy =22 pF 

Cy, Cy = 10 pF, MKT (polytherephtalate) 
C3 =4.7 NF, 63V 

Cg-C)3 = 100 nF 

Cy4. Cj5 = 1OWF, 25 V 

Cig. Ciz = 470 [Ll F, 40 V 

Cig. Cig = 220 nF 

Cyg = 100 nF, 40 V 

Cy|-Coq = 47 nF, ceramic 


Semiconductors: 
D,. Dy = 1N4148 
Dy = LED, 3 mm 
D,. D5 = 1N4003 
B, = B80C 1500 
T, = BC517 


Integrated circuits: 

IC,-ICy = See text: 
NE5534 (bipolar) 
SSM2131 (FET) 
SSM2 134 (bipolar) 
OP27 (bipolar); 
OP37 (bipolar 
OPA627 (FET) 
OPA637 (FET) 
LT1028 (bipolar) 
LT1115 (bipolar) 
TLE2027 (bipolar) 
TLE2037 (bipolar) 
AD743 (FET) 
AD745 (FET) 
LT1007 (bipolar) 
LT1037 (bipolar) 
1.M627 (bipolar) 
LM637 (bipolar) 


IC, = 7815 
ICg = 7915 
Miscellaneous: 


K|-K), = phono socket for board 
mounting 

K)7 = 2-way terminal block, pitch 7.5 mm 

S). Sp = 2-pole, 6-position rotary switch 
for board mounting 

Re; = 12 V miniature relay with 2 change- 
over contacts for board mounting 

Tr, = mains transformer, secondary 
2x15 V, 3.3 VA 

Enclosure as appropriate 

Mains socket for panel mounting 

Mains on/off siwtch 

PCB Rel, 930106 (see p. 70) 

Front panel foil (Not available ready made) 


Fig. 7. The print for the sockets and that for the rotary switches are assembled into a 
‘sandwich’ with the aid of suitable spacers. 


Fig. 8. The spindles of S; and S2 must be extended to protrude through the front panel. 
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COPYBIT ELIMINATOR 


By H.J. Schaake 


This article describes an inexpensive and straightforward 
circuit for eliminating the copybit from a digital S/PDIF* audio 
signal. It enables any existing or future digital audio-signal 
source to be copied digitally time after time after time to any 
other digital audio recording system. In other words, with it one 
can copy (digitally) one’s own musical work many times without 
degradation by the Serial Copy Management System—SCMS. 


O:; the past few years, more and more 
digital audio recording apparatus has 
become available: first, the DAT (Digital Audio 
Tape) recorder which was soon followed 
by DCC (Digital Compact Cassette) and Mini- 
Dise equipment. To meet the music industry's 
demand that copying of proprietary record- 
ings (tapes, CDs, etc) should be difficult 
(in view of the menace of pirate copying), 
manufacturers of commercial digital record- 
ing equipment build in their apparatus a 
subsystem that enables making a digital 
copy once only. No further digital copies 
can be made from that copy, only ana- 
logue ones. This copy inhibit system is 
called Serial Copy Management System 


(SCMS). The system works with the aid of 


a bit, called the copy prohibit bit, which 
is contained in the serial digital audio sig- 
nal. This is, of course, an excellent protective 
measure for the music industry, but it 
creates difficullies when one wants to 
make digital copies of one’s private work. 
It is interesting to note, by the way, that 


most professional apparatus is not equipped 
with SCMS: such equipment thus makes 
unlimited digital copying possible. 

It is clear that where the rights of the 
musical recording(s) are privately owned, 
there can be no objection to making as many 
digital copies as needed. For such cases, 
the circuit described may be built into the 
digital recorder to eliminate the copy pro- 
hibit bit. 


The S/PDIF signal 


The S/PDIF provides a serial single-line 
connection in one direction for trans- 
porting a digital stereo audio signal with 
associated sub-codes and error detection. 
The connection may be by coaxial or op- 
tical fibre cable. 

Since it is a one-way serial connection 
and the receive circuit must ‘know’ where 
each bit begins and ends, the signal must 
contain a clock. As illustrated in Fig. 1, 
this is achieved by biphase mark encod- 


*Sony/Philips Digital Interface Format—the consumer version of the AES/EBU 
standard. This standard was devised by the American Audio Engineering Society 
and the European Broadcasting Union to define the signal format. electrical char- 
acteristics and connectors to be used for digital interfaces between professional 


audio products. [Editor] 


for its use that jeri 
copyright vested in commer 
pumnare atiasie and Kelaell ca 


ing ofall data. A’ 1'is coded as a whole square- 
wave period (T= 1/bitrate) anda‘O' asa 
half square-wave period (T= 2/bitrate). 
Typical of this method is that at each and 
every bit edge a change oflevel takes place. 
This means that a special phase-locked 
loop—PLL—circuit can derive a bitrate 
synchronous clock from the signal. At the 
same time, itis, of course, useful ifthe re- 
ceive circuit knows what each bit repre- f 
sents. Is it a sub-code bit? And, if so, 
which? Or is it an audio bit? If so, is it an 
MSB, and LSB, or in between? To give an- 
swers to such questions, the biphase cod- 
ing protocol is suitably annotated at the 
first four bits of every 32-bit subframe. 


Figure 2 shows the format of a subframe, 


Bits 0-3 form a preamble that may have 
one of three different forms : X, Y or Z— 
see Fig. 3. An X-preamble is the beginning 
of subframe A and a Y-preamble the be- 
ginning of subframe B—see Fig. 4. Together, 
subframes A and B forma frame of which 
192 are contained in a block. The start of 
ablockis marked by making subframe AO 
begin with a Z-preamble instead of the 
usual X-preamble, 


Bits 8-27 are 20 audio bits with the 


LSB as first bit. Bits 4—7 are either auxil- 
iary data such as speech or four addi- 
onal audio bits. Bit 28 is a validity bit that 
indicates whether the audio sample in the 
subframe is suitable for conversion to an 
analogue audio signa]. Bit 31 is used as 
an even-parily check, that is, a simple 
error detection. Bits 29 and 30 are com- 
ponents of the subcode data. The sub- 
code is transmitted by one bit per frame 
in Channel Aas well as in Channel B. The 
192 bits transmitted in each block forma 
complete subcode block that is repeated 
every 192 frames. 


Bit 29 is used as user data block. It has 


no fixed definition and may be used freely 


Biphase-Mark Encoding 


como ETE ETE TEL 


1 1 ' 
‘ ' ' ' H 

H H H ' H 

Data ' H i H 
| ! Pl 

H i H ' 

t ' t 


Biphase-Mark 


Data 
70:1 1:0 O11 1:0 1:0 1: 
930008-11 


Fig. 1. Before their transmission, digital 
data are converted into a biphase format. 
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Sub-frame Format 


Sub-frame 
t 12345 678 9 ee 


LSB 


Audio Data msB/V|u[c|P] 
Validity = f 
User Data 
Channel Status Data 
Parity Bit 
930098-12 


Fig. 2. Format of a sub-frame 


Preamble Forms 


Preamble X | ' | | | | 


‘1111 O10 0:1 0: 


t f 
Preamble ¥ ' | | | | 


'11'1 0'0 1/0 0} 


Preamble Z | ' | | | | 


1414 0'1 0:0 03 


Preambles 


la 411100010 or 00011101 


gi 11101000 or 00010111 |Ch. A & C.S. Block Start 


930098-13 


Fig. 3. The preamble of a sub-frame may 
have one of three forms which indicate 
the start of a channel and a block. 


can be copied digitally once. However, 
once the copybit has been deactuaied, the 
gencration status bit plays no role. 

The present circuit checks whether the 
copybit is set (logic 0) or not (logic 1). Ifit 
is O, itis made 1; butifitis 1 already, noth- 
ing happens. It is of interest to know that 
the copybit needs to be altered only once. 
From then on, any digital recording can 
be copied again and again by anybody on 
any equipment. 


Block schematic and timing 
diagram 

The block schematic is given in Fig. 6 and 
the timing diagram in Fig. 7. The S/PDIF 
signal is applied to RXIN. The input selector, 
operated by the ON/OFF or UNLK signal 
determines whether the S/PDIF signal is 
applied to the circuit or not. The clock de- 
rived from the S/PDIF signal by the mother 
equipment is set on to the FCK line. The 
clock frequency is twice the bit rate and 
shifts all biphase-coded bits into an 8-bit 
shift register. Those eight bits enable the 


Frame / Block Format 
Preambles 


Lf channet Aly [Channel B]Z [Channel A] ¥ [Channel 8[x] Channel AY [Channel B[X] \ 


Sub-frame 


Frame 191 


Sub-frame 


Start of Channel Status Block 930098-14 


Fig. 4. A complete block is composed of 192 frames, 
each of which consists of a sub-frame A and a sub-frame B. 


by the manufacturer for any application. 
Bil 30 is responsible for the channel sta- 
tus block, Note that channel staius blocks 
A and Bare identical. 

The S/PDIF signal has a channel sta- 
tus block with consumer format: Fig. 5 
shows what the bits represent. For the 
present purposes only bit 2 of byte 0, the 
copybit, is of importance. Strictly speak- 
ing, sois bit 7 of byte 1, since this indicates 
the generation status. Itis used to ensure 
that a private analogue recording on DAT 
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preamble detector to identify all X-, Y- and 
Z-preambles. As soon as preamble Z (QZ) 
is detected, the preamble counter is reset 
and two Y-preambles (QY) and two X-pre- 
ambles (QX) are counted down, because 
the copybit is located in bit 30 of sub- 
frames 2A and 2B. Having arrived at sub- 
frame 2A, the preamble counter starts the 
bit counter by making the BCE signal 
logic high. Thereupon, the bit counter 
counts 52 clock periods and then makes 
the Copy Control Bit (CCB) high for one clock 


COPYBITELIMINATOR = BR 


period. A clock period later, the Parity 
Control Bit (PCB) is made high for one 
clock period in an identical manner. Since 
the copybit is contained in both channels, 
the CCB and the PCB in subframe 2B are 
also made high for one clock period in the 
manner described. Note that the CCB is 
high during the ‘second half of the copy- 
bit, whereas the PCB is high during the ‘first 
half of the parity bit. The exact location 
ofthe copybit in both Channel Aand Channel 
Bis now known. The function of the CCB 
and the PCB will be reverted to later. 

Register 1 functions asa D-type bistable 
with inverted input and delays the 
S/PDIF signal by one clock period. If the 
output of Register 1 is denoted DEL, then 
in Boolean algebra: 


DEL = SPDIFIN> 


Register 2 also functions as a D-type 
bistable but with selective logic at the D 
input. Whether the copybit is set or not may 
be ascertained from input signals SPDIFIN, 
CCB and DEL. In Boolean algebra: 


NCA=SPDIFIN - DEL. CCB 
+ SPDIFIN> - DEL>. CCB 


Remember: the copybit is set when it is 0 
(logic low) and a O coded in biphase results 
ina half period of a rectangular waveform 
with T = 2/bit rate. The FCK clock fre- 
quency amounts to twice the bit rate, For 
example, in the top signal, SPDIFIN, in 
Fig. 8, Case 1 0(A), itis clear that the copy- 
bit (indicated by C) has not been set be- 
cause its first half is low and the second 
half is high. In other words, it is a whole 
period of a rectangular waveform with 
T= 1/bit rate and that corresponds to 1] 
(logic high). 

As mentioned before, the CCB is high 
during the second half of the copybit. At 
thatinstant, DELrepresents the inverted 
level of the first half and S/PDIF the sec- 
ond half. The first half is compared with 
the second halfof the biphase-coded copy- 
bit: since the halves are not identical, out- 
put NCA of Register 2 becomes high a 
clock period later. NCA being high means 
that the copybit was not set. 

The block Port in Fig. 6 is a port with- 
out a register function. It is the last and 
most important link which ensures that 
the copybit is cleared ifilwas set: the par- 
ity bit is then also corrected. Figure 8 
shows all possible combinations of the 
biphase coded copybit/parity bit section 
that may occur in the SPDIFIN input sig- 
nal, and the result at the Port output 
SPDIFOUT., The combinatorial function that 
arranges this is in Boolean algebra: 


SPDIFOUT = SPDIFIN : CCB> - PCB 
+ DEL: CCB + DEL> - PCB - NCA> 
+ SPDIFIN - PCB-NCA 


From a design point of view, it would be 
neater if Port were a register function, be- 
cause theoretically glitches may arise dur- 


AUDIO & HI-FI 


ing the active edges of the clock in the 
middle of the copybit and parity bit ofeach 
subframe 2A and 2B. In the prototype, no 
glitches were detected. Even if they had been, 
they would not have mattered much, be- 
cause the S/PDIF receive circuit reacts to 
the signal between two active FCK edges, 
since that is taken to be more stable. 

The SPDIFOUT signal from which the 
copybit has been eliminated is applied via 
the output selector lo RXOU, from whcre 
it is passed directly to the S/PDIF input 
of a DCC or DAT recorder. 

Since there is no register in the entire 
S/PDIF path and the copybit eliminator 
board is built into the mother equipment 
(but sce ‘Building in’ later on), there is no 
additional PLI. required to derive the FCK 


signal. This arrangement saves a lot of 


circuitry. There is also no need for an ad- 
ditional power supply. because the power 
drain is so small that the mother equip- 
ment can supply il. 

To guarantee sure starling of the receive 
PLL, an additional switch input has been 
provided; UNLK. This provides the RX PLL 
signal that is found in all equipment with 
an S/PDIF receive circuit. It indicates 
whether the PLL generates a bit rate syn- 
chronous clock, If this is not so. the UNLK 
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Fig. 5. The significance of the bits in the data block. 
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Fig. 7. This extensive timing diagram clarifies the 
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BLOCKDIAGRAM 


SPDIFOUT 


PORT 


V 


COPY 
INDICATION 


b1 
- D1: SPDIF INPUT COPYBIT ASSERTED / NOT ASSERTED 
D2: SPDIF OUTPUT COPYBIT ASSERTED / NOT ASSERTED 
930098-16 


Fig. 6. Block diagram of the copybit eliminator 


signal is assumed to be lowand the copy- — the PLL is locked. When signal ON OFF is 
bil eliminator is then temporarily by- low, the S/PDIF signal is applied to the elim- 
passed. As soon as UNLK becomes high, —inator and fillering commences 


j COPYBIT COPYBIT NOT 
1B ' SUBFRAME 2A ASSERTED SUBFRAME 2B assernTeD SUBFRAME 
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COPYBIT ELIMINATOR 


Copy indication is a copybit monitor- 
ing function which drives two LEDs. The 
input LED is on ifa set copybil is present 
in the input signal. The output LED is on 
ifa set copybit is present in the output sig- 
nal. Normally, when the eliminator is op- 
erating, the input LED is on and the out- 
put LED is off. 


The circuit 


The LED indications are only true during 
recording and it is, therefore, necessary 
to take the record indication line from the 
mother equipment and connect this to 
REC/P. The LEDs can light only when 
REC/P is high. 

All signals required for proper opera- 
tion of the circuit pass via K): the umbil- 
ical cord to the mother equipment. 

Circuit IC) isa GAL/PAL Type 16V8, while 
ICy may for many readers be an unfamil- 
iar logic building block: Type MACH110 
from AMD. The MACHXXX is a new fam- 
ily whose members function somewhere 
between a PAL and an FPGA/ EPLD/gate 
array. The MACH 110 is roughly equiva- 
lent to 3x a 22V10 GAL with an integral 
separately programmable connection ma- 
trix. 
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signal path in the block diagram in Fig. 6. 
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Fig. 8. All possible combinations of the 
copybit/parity bit part that may ocvcur in 
the SPDIFIN input signal and the result at 
Port output SPDIFOUT. 


The LEDs are controlled by the four 
gates ofa 74HCTO8. 

The eliminator can be switched offwith 
S), which connects pin 13 of ICaq to +5 V. 
When the switch is open, Ry ensures that 
the eliminator is on automatically. 


Construction 


The eliminator is best built on the PCB in 
Fig. 10, which, together with the two pro- 
grammed ICs (IC, and IC), is available ready 
made (see page 70). The MACH110 is 
housed ina PLCC case. One of the four cor- 
ners of the IC is slightly flattened to show 
how the device should be located on the 
board. It should be mounted in a special 
socket to obviate any intricate soldering 
direct to the device. 

K, is a 10-pin box header, so that the 
circuit can be conveniently connected to 
the appropriate points in the recorder via 
a length of flatcable. 

Finally, if use of S, is not foreseen, this 
switch may be omitted. 


Building in 

The eliminator is intended to be built into 
the mother equipment, for example, a DAT 
recorder. The necessary connections are 
made with a length of flatcable: those for 
five of the more popular recorders are 
given in Table 1. The following signals 
should be applied to the pins of K, as fol- 
lows: 


1. (FCK): 128f., that is, 128x the sample 
frequency clock. If the eliminator does 
not function properly and all other con- 
nections are found to be all right, delay 
the FCK signal with the aid of a 150 
resistor or invert it. 

2. (UNLK): the PPL lock indication. This sig- 
nal must be low when the PLL is locked. 
Ifit is high, invert it or do not use the 
signal, in which case the pin should be 
linked to earth. 

3. (RXOU): break the relevant track on 
the board behind the coaxial or optical 
S/PDIF input buffer. Connect the part 
of the track from the input buffer to 
RXIN and the other part to RXOU. 

4. (RXIN): see instructions for pin 3. 

5. (REC/P): the record indication signal; 
this is high when the mother equip- 
ment is recording. 

6. (V,,): the +5 V supply line from the 
mother equipment. 

7. (GND): the digital earth of the mother 
equipment. 

8, 9, 10. These are the LED connections 


Fig. 9. Circuit diagram of the copybit elim- 
inator. 
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COPYBIT ELIMINATOR 35 


Fig. 10. The PCB for the copybit eliminator is small enough to be built into the mother equipment. 


IC1 = 74HCTS86 
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Fig. 11. Auxiliary circuit for use with Type XD-Z505 DAT recorder from JVC. 


Kj pin no, Signal in recorder 


Denon DTR-2000 


I CKI0128 
2 DUNLOK 
3 RX 
4 _ 
5 fe 
6 +5 V 
7 D GND 
JVC XD-Z505 
| 128F 
a UNLOCK 
3 RXO 
4 RX1 
4 xe 
4 os 
> +5 V (D) 
6 +5 V (D) 
é G(D) 
JVC XD-Z1010 
l 128F 
2 UNLK 
3 RX 
4 eae 
5 ac 
6 5V(D) 
7 G(D) 
Sony DTC 55ES 
& DTC S57ES 
| F128 
2 UNLK 
3 RX 
4 RX 
5 Q2> 
6 +5 V 
7 GND 
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IC/pin in recorder 


351/8 
351/93 
351/23 

305/6 

not known 

604/3 

604/2 


401/13 
401/62 
401/35 
401/34 
406/1 
406/13 
emitter Q21 
emitter Q2] 
chassis 


S501/5 
501/46 
501/51 
372/11 

not known 
03/3 
03/2 


307/58 
307/3 | 
307/52 
301/8 
309/8 
322/3 
chassis 


Remarks 


break track 


coaxial 
optical 
break track (coaxial) 
break track (optical) 


mount heat sink on IC 


break track 


break track 


mount heat sink on IC 


if D, and Dy are desired to be located 
away from the eliminator board. 


Most PLLsinan S/PDIF receive circuit 
generate a frequency that is twice or four 
times as high as the clock frequency. 
Fortunately, the generated frequency is scaled 
down synchronously, so it is always pos- 
sible to find a clock of 128f,. However, ihe 
S/PDIF-PLL of the JVC Type XD-Z505 
DAT recorder generates a clock of 384f,, 
which is scaled down by 3. Although this 
results in a clock of 128/,, the leading edge 
of it is no longer at the centre (that is, the 
duty factor is not 50%). This is a small prob- 
lem, however, which is easily remedied by 
delaying the clock with the aid of four HC 
gates as shown in Fig. 11. 

Note that usually the warranty on the 
mother equipment is invalidated if any 
modification is carried out. It is for the 
constructor lo decide whether the build- 
ing in of the eliminator is worth that or 
whether to wait until the warranty has 
expired. 


Parts list 


Resistors: 
R,. Rg = 100 
Rg = 10 kQ 
Ry, R5 = 2200 


Capacitors: 
C)-C3 = 100 nF 
C4=47 pF, 16 V, radial 


Semiconductors: 
D, =LED, 3mm, red 
D5 =LED, 3mm, green 


Integrated circuits: 

IC, = 16V8 (Ref. 6321, see p. 70) 

ICy = MACH 110 (Ref. 6321, see p. 70) 
IC3 = 74HCTO8 


Miscellaneous: 

K, = 10-way straight box header 
S, = switch with make contact 
PCB Ref. 930098 (see p. 70) 


Table 1. Connections between K, and the 
relevant circuits in various mother equip- 
ment. 
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PART 13 - SECOND-ORDER MODELS 


By Owen Bishop 


This series is intended to help you with the quantitative aspects of electronic design: 
predicting currents, voltage, waveforms, and other aspects of the behaviour of circuits. 
Our aim is to provide more than just a collection of rule-of-thumb formulas. 

We will explain the underlying electronic theory and, whenever 
appropriate, render some insights into the mathematics involved. 


Last month we examined ways 
of using first-order differential 
equations to build circuit mod- 
els. This month we extend the 
methods to include second-order 
equations. These allow us to model 
circuits of greater complexity, 
such as that in Fig. 110. 


930010-13-12 
Fig. 110 


This includes resistive, inductive 
and capacitive elements. By Kirch- 
hoff’s Voltage Law: 


up t+up tuo =u. 


As we did last month, we use 
lower-case letters for quantities 
which are inherently variable 
in time and capitals for constants. 
Substituting equivalent expres- 
sions for the voltages, based on 
Eq. 26 of Part 4, Ohm’s law, and 
Eq. 19 of Part 4: 
din F_ 
L cs +Ri+ C u 
We will restrict the analysis to 
situations in which w is constant, 
hence du/dt = 0. Then, differen- 
tiating both sides of this equa- 
tion: 
d4iodi i 
L ae +R a + C 0 

In differentiating the third term, 
use g =it, and therefore dq/dt =i. 
The term d?i/d¢? makes this asec- 
ond-order equation. Divide through 


by L tomake unity the coefficient 
of the first term: 

dai Rd 1 

yt to 

dt? L dt LC 

Equation 94 models the circuit. 

It now remains to solve it and 


substitute actual values of R, L 
and C. 


i=0 [Eq.941 


Auxiliary equation 


For an equation of the form of 
Eq. 94, in which R, L and C are 
constants, there is an auxiliary 
equation of the form: 

m2+fm +g =0, {[Eq. 95] 
in which/is the coefficient of di/dt 
and g is the coefficient of i. In 
Eq. 94, f= R/L and g = VLC. 
Solving Eq. 95 (a straightfor- 
ward quadratic equation) for m 
is much easier than solving Eq. 94 
for 7, With values of f and g sub- 
stituted in Eq. 95: 


2 R 1 
me +—mt+-—_ =0 
L LC 
This is solvable by applying the 
well-known quadratic formula 
which, when applied to Eq. 95, 
is: 


[Eq. 96] 


—ftyf?—4g 
m=— 
2 


The value of the expression /2—4¢ 
(knownas the discriminant, D) 
determines what kind of solution 
the equation has: 

If D is positive, the equation 

has two real roots. 

If D is zero, the equation has 

two equal roots. 

If D is negative, the equation 

has two imaginary roots. 
If D is positive, the two real roots 
are m and my and the solution 
to Eq. 94 is: 


i=Ae’"! + Bem [Eq. 97] 
If D is zero, the roots are both 
m and the solution to Eq. 94 is: 

i= Ae™ + Bie™ [Eq. 98] 
If D is negative, we calculate 
k = (—D/2) and the solution is: 


i= Ae? cos kt+ Bef? sin ket 


[Eq. 99] 
All three equations are general 
solutions (see Part 12) and have 
two arbitrary constants, A and 
B. Last month we had just one 
such constant and needed one 
border condition in order to find 
the particular solution. There are 
two constants, and we need two 
border conditions for second-order 
equations. 


Worked example 


Given R =5000,L=100mH and 
C=2uF:f=R/L =500/100«10-3 
= 5000; andg = 1/LC'=1/100x10-3 
x2x10-6 = 5x108. From these values 
of f and g: 


D = f? — 4g = 50002-20x106 
= 5x108, 


This is positive, so the equation 
has two real solutions: 


_-f+D 
a: 
_ -5000+2236 
a 


my 


_=f=y0 
a 

_ -5000-2236 
7 2 


meg 


=-3618 


Substituting in Eq. 97: 
i= Ae) 382t + Be 36181 


(Eq. 100] 
This is the general solution. We 
can apply this to any set of bor- 
der conditions. We can imagine 
the voltage fluctuating, perhaps 
regularly, perhaps irregularly, 
causing a varying current in the 
circuit. Then, when ¢ = 0, the 
voltage is suddenly held con- 
stant (Eq. 94). The models tells 
what happens after that. For 
this example, suppose that the 
current is 2 mA wen timing be- 
gins, ori =2x10-3 whent=0, Also 
assume a second border condi- 
tion that the rate of change of cur- 
rent, di/dé, is 0.05 As-! when 
i= 0. With ¢ equal to zero, e has 
zero index in both terms and so 
equals unity. Substituting the 
values for the first border con- 
dition in Eq. 100: 


2x103=A+B 
B= 0.002 A. 


Substitute this value for B in 
Eq. 100: 


i= Ale 1382! _e -3618¢ } 
+0.002e%61 


{Eq. 101] 
To incorporate the effect. of the 
second border condition into the 
equation, we must first differ- 
entiate (see Part 5) Eq. 101 to ob- 
tain an equation for di/dt: 


d 


* = A(-1382e71382 
dt 


+3618 7°19) 7.9366 9618" 


[Eq. 102] 
If di/dé = 0.05 when ¢ = 0: 


0.05 = A(—1382 + 3618)-7.236. 
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A = (0.05 + 7.236) / 2236 
=0.003258. 


Substituting this in Eq. 101: 
i=0.003258(e7 188 _ 936188) 
+0.0020-3618" 


Rearranging terms gives: 


i=0.003258e7 1362! 
-0.001258e 3618 


(Eq. 103] 
This is the particular solution 
and Fig. 111 shows its graph. It 
shows that at ¢ = 0 the current 
is 2 mA, as specified. The in- 
crease of current when? =0 is too 
small to show on this graph. The 
tangent tothe curve at this point 
would slope up to the right by 
only 3.6°. This upward slope is 
almost instantly countered by 
the relatively strong damping ef- 
feets of capacitance and induc- 
tance. By the end of the third mil- 
lisecond, the current has been al- 
most entirely damped out. 
Figure 112 shows what hap- 
pens if we keep the first border 
condition unchanged, but have 
the current increasing at 2 As}, 
instead of at only 0.005 A s-l. 
Substituting di/dt in Eq. 102: 


A=(2+ 7.236) /2236 =0.004131. 


From Eq. 101: 


i=0.004131e~ 1957! 
—0,00213 le 3618 


We have another particular so- 
lution, matching the new bor- 
der conditions. Its graph (Fig. 112) 
shows current continuing to in- 
crease, to about 2.12 mA, before 
damping takes effect. From the 
equations we have established, 
wecan calculate the current and 
the rate of change of current at 
any instant from ¢t = 0 onwards. 
With this information, we can 
go on to calculate the voltage 
across the components, and quan- 
tities such as the charge on the 
capacitor and the magnetic link- 
age of the inductor at any time. 


Specifying later current 


Border conditions need not be re- 
stricted to events occurring when 
i= 0. We can specify i or di/dé at 
any other instant after timing 
begins. It makes the equation 
slightly more complicated, be- 
cause there is no simplification 
of the equations due to the index 
of e being zero. Let us try the same 
circuit, with the same first bor- 


Fig. 


i=0,003258e '*"-0,0012586 *" 


i= 0.00413 1e 
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BL 


2 3 


ag0o10 13-1 


t (ms) 


111 


—13821 — 3678 


—0,00213 te 


2 3 t(ms} 
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Fig. 112 


a 


i= 0.003 
when t = 0.001 


*i = 0,002 
when t=0 


Fig. 


der condition, but the second 
border condition being that 
i = 0.003 when t = 0.001. We are 
saying that the current increases 


i= 0.01314e '""_p or14e° 2 


2 3 tims) 


apoE 13.15 


113 


to a definite value in a specified 
time. Since we have specified 7, 
not di/dt, we go back to Eq. 101 
and proceed from there. Substitute 


the second border condition into 
this, which involves multiply- 
ing the indices by 0.001: 


0.003= A(e7! 382 _ 93.618) 
+0.002e3- 618 


=0,22424+5.3673x10 
A=0.01314 


Substituting the new value of A 
into Eq. 101: 


i=0,. 019 14(e" 8% _, Gilat) 
+0,002e 3618! 
=0.01314e7 184! 
—0.01114e"""* 


Yet another solution, with the 
graph shown in Fig. 113. Current 
increases even further before 
damping takes effect. 


Critical damping 


The curves we have seen so far 
represent overdamping of the cur- 
rent, Current is reduced to zero 
fairly promptly. The model can 
be used also to investigate the 
circuit behaviour when it is crit- 
ically damped. We reduce the 
capacitance slightly, to 1.6 UWF, 
leaving R and L as before and, 
for comparison with Fig. 113, 
keep the same pair of border 
conditions. 

With the new value for C, f 
remains unchanged, but g be- 
comes 6,25x10®, and: 


D = 50002 — 4x6.25x108 = 0, 
With a zero discriminant, the 
solution of the auxiliary equation 
is 


m =—f/2 = —5000/2 =—-2500. 


The general solution takes a dif- 
ferent form (Eq. 98): 


j= Ae 25008 4 Bye —2500t 
[Eq. 104] 
Substituting the first border con- 
dition into this: 
0.002 = A, 
Eq. 104 becomes: 
i = 0.002e-25001 + Bre 25000, 


Now substitute ¢ = 0.003 and 
¢ = 0.001 into this: 


0.003 =0.002e-2.5 + 0.001Be2.5 
» B=34.55, 


The particular solution is: 
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1=0.002¢e~2900t 4 3.4. 55¢e- 25008, 

[Eq 105] 

The graph in Fig. 114 shows 

current rising toa peak at 5.9mA 

before being damped. The second 

border condition oecurs on the 
way down. 


Under-damping 


This occurs when the discrim- 
nant has a negative value. For 
example, let us reduce the ca- 
pacitance drastically, to 10 nF. 
The fremains at 5000, but g be- 
comes 109 and D becomes 
—3.975x109. With a negative dis- 
criminant, we need to calculate 


Rk: 
h=3.975x109/2=44581 


The general solution is given by 
Eq. 99: 


i= Ae 250% cog 445814 
+ Be 250M gin 44581 


[Eq. 106] 
Keeping to the same border con- 
ditions, applying the first con- 
dition to Eq. 106, and using the 
facts that cos 0 = 1 and sin 0 =0: 


0.002 = Ae? +0 
“ A= 0.002. 


Substituting this in Eq. 106, to- 
gether with the values for ¢ and 
i under the second border con- 
dition: 


0.003=0.002e*- cos 4.4581 
+Be >" sin 4.4581 
B=—0.03828 


This leads us to the particular 
solution: 


i=0.002e 7% cos 4458 It 
—0,03828e 27 sin 4458 


The graph of this equation has 
an interesting form—Fig. 115. 
It shows the current reversin g 
many times with gradually de- 
creasing magnitude. Oscillations 
of this type are typical ofan under- 
damped circuit. The oscillations 
take about 1.5 ms to die away. 


Graphic calculator 


A graph is an important aid to 
visualizing the behaviour of a 
model, and hence the behaviour 
of the circuit it is modelling. But 
plotting graphs is a tedious mat- 
ter, particularly when equations 
contain several exponential terms. 
With over-dampled and critically- 


i (mA) 


(= 0,003 
when t = 0.001 


+t 
i= 0,002 
when t=0 


i=0,002e "+ 34.55te 


— eat 


2 3 t {ms} 


FINN 13-16 


Fig. 114 


[mA] 


rill 


i= 0.0020 -20 cos 445811 - 0.036286 -2500t sina asatt 
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Fig. 116 


damped circuits, it is possible 
to sketch the shape of the graph 
roughly after calculating half a 
dozen points. But the oscilla- 


tions of an under-damped circuit 


often need 30 or more points to 
produce a reasonably represen- 
tative curve. 

A computer graphics pack- 
age may save a lot of time: the 
illustrations to this article were 


produced in this way. A graphic 
calculator produces results even 
more quickly. We used one when 
we were planning the values to 
use in the examples. To make 
graph plotting even quicker, pro- 
gram the calculator to accept 
variables, then to plot the graph. 

The following is an example 
of a short program used on a 
graphiccalculator to plot graphs 


of equations of the same type as 
Eq. 103:‘EXPOT':“A":? 3AM 1”: 
239C 3B"? B:“M2”:? >D:GRAPH 
Y=Ae—CX+Be-DX:. The program 
name is ‘EXPO1’. The user is 
requested to key in values for 
A, m,, B and mp. As soon as the 
final value has been keyedin, the 
graph is plotted according to the 
equation in the program. 

A program can also include 
commands to set the ranges of f 
and i for the displayed graph, 
so that the curve fills the sereen 
reasonably well. Ifthe range com- 
mand follows the input of vari- 
ables, one or more of these vari- 
ables can be used in the range 
commands. For example, the range 
for can be set to run from —2 A 
to +2 A. It is also possible to in- 
clude inputs to set the range of 
? directly from the program. For 
those who like to play around 
with models, adjusting the values 
to produce the required results, 
agraphiccalculatoris a valuable 
tool. 


Parallel circuit 


Figure 116 shows acircuit with 
resistance, capacitance and in- 
ductance in parallel. Building the 
model follows very much the same 
sequence as building the model 
of the series circuit. By KCL: 


ig tig+ip=t 


Replacing the currents by equiv- 
alent expressions: 


u Ne. 


d¢ R OL 


The third term on the right is 
obtained by noting thatL=No/i, 
as in Eq. 22, Part 5, where @ is 
the magnetic flux and N is the 
number of turns in the coil. 
Differentiating Eq. 107, and as- 
suming that 7 is constant: 
l du iu 
f-5 = 
Rat L 
In obtaining the third term, 
dg/dt = u/ N (see Eq. 23, Part 5}, 
so the term reduces to w/L. 
Dividing throughout by C gives 
the model equation: 
d7u 1 du ou 
at + = 
a? RO ds 2e 
[Eq. 108] 
The auxiliary equation is: 
m*+m/RC+1/LC=0 


in which f= WRC and g = 1/LC, 
With given values of R, C and 
L, the discriminant may be pos- 
itive, zero or negative, yielding 
equations for u having the same 


i (Eq. 107] 


0 
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ICE51 


ICE51+ 


8051 BOOK 


Other tools available 


EN 


form as Equations 97 to 99. 

Here is an example ofan under- 
damped circuit with R = 1 kQ, 
C=10nF andl = 18 mH, 

RC=1x10~, sof = 1/RC = 105 
and /2 = 1(RC = 1x1010, 

LC = 1.8x10-", so 4g = 4/LC 
= 2.222x1010, 

From these we find that 
D = ~-1,222x10!" and k = 78166. 
The general equation is: 


u= A@ 29000 cog 781 66E 
Be 5000 sin 781668 


Now for some border conditions. 
Whent=0,u =—1; when¢=0,0001, 
u = —0.5, Using the first condi- 
tion, remembering that cos 0= 1 
and sin 0 =0: 


-1=A. 

For the second condition: 
—0.5 = —e cos 7.8166 
+Be— sin 7.8166 

. B=—-74.292. 

The particular solution is: 


= —e 900008 6os T8166t 


74, 22e 00008 <n 78166¢ 


The graph of this is shown in 


8051 TOOLS 


Low cost entry level In-Circuit-Emulator for the 8031/51. 
Operates at 11Mhz 28k bytes of program memory, includes 
many features to aid program development but uses some 
resources of the target 8051. 


Advanced emulator for the 8031/51, Operation selectable 
up to 16MHz, 64k bytes of program memory. uses none of 
the target (8051) resources. 


8051 "C" COMPILER 
Micro/CSI is an integer 'C’ like compiler for the MCSS] 
family. Easily customised for any MCSSI family variant. 

High level language debugger available (£95) 


A very good text on the 8051 architecture, programming 
and application. The book is supplied with free (un- 
supported) [BM-PC based assembler and simulator. 

prices exclude VAT and delivery 


Micro AMPS Limited 
66 SMITHBROOK KILNS, 
CRANLEIGH, 
SURREY GU6 8JJ, UK [ yiga | 
Tel: +44(0)483 268999 
Fax: +44(0)483 268397 


£225 


£495 


£125 


£49.95 


Fig. 117. It begins with a mas- 
sive ‘kick’ of up to —34 A. After 
a few swings of rapidly dimin- 
ishing amplitude, the current 
is fully damped out in about 
0.15 ms. 

These examples show what 
can be done when we make cer- 
tain simplifying assumptions 
about the model. If these as- 
sumptions are not valid, in par- 
ticular, if we can not assume 
that voltage or current is con- 
stant, the equations are more 


i=-e 


— SOC00t 
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beyond the scope of this series, 
However, there are ways around 
this difficulty, as will be explained 
next month. 
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Test yourself 
1. Find the particular equation 


t {ms} 


when t = 0.0001 


cos 78166t-74.22e "' sin 7B 1668 


Fig. 117 
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2iP 


which models a series cir- 
cuit (Fig. 110) in which 
R=1kQ, L = 200 mH and 
C= 100 nF, given the border 
conditions that i =—0.01 when 
t= 0, and: = +0.01 when 
t= 0.005. Is the cireuit over- 
damped, critically damped or 
under-damped? Find the cur- 
rent when ¢ = 0.0008 s. 


2. In another series circuit, 
R=5 kO, C = 22 uF and 
£=0.5 H. When /=0,i =0.1 
and di/dt = 0.5, Find the par- 
ticular solution for this cir- 
cuit. Find the current when 
t=0.5msand whené=100 ms. 
How long does the current 
take to fall to 0.01 A? (Plot a 
graph or solve the equation 
of di/dé by taking natural logs). 


Answers to 
Test yourself (Part 12) 


L. g = 9e 1418x104; 
lakus L45V 
(b):2 = 74.9 WA, 


2. 0.857 s, 


3. 532 WA. 


as 
LIQUID 


CRYSTAL 
DISPLAYS 


By M. Reichtomann 


Ithough microprocessors are ideal for 

use in control circuits, they are not 
easy to communicate with. An LC display 
may help. Since most of such displays use 
an Hitachi controller, it is fairly easy to de- 
sign a standard interface conform with the 
specification of the controller. 

Figure 1 shows a display module inte- 
grated ina microprocessor bus as found in 
any MCS51 system. Many signals, such as 
those on the data bus and address line, and 
the supply voltage can be applied directly. 
Since the module puts a number of de- 

mands on the the timing of the R/W signal 
andthe E input, control of the R/W line and 
the E input requires a small modification. 

The signals of most importance for the 
LC module are shown in Fig. 2. It will be 
seen that signals RS and R/W must be ac- 
tive at least 140 ns before the E signal and 
that the E signal itself must be at least 
450 ns long. Finally, during a write opera- 
tion, RS, R/Wand the signal on the data bus 
must remain active for not less than 20 ns 
after the E line has been deactuated. 

As far as the microcontroller is con- 
cerned, data are usually taken from the 
databus at the edge of the R/W signal. This 
edge occurs within the time that the valid 
address as well as the correct data are 
available on the buses. The location of the 
enable signal (E) needed by the LC module 
can not be found in the signal diagram. 

All timing signals of the processor have 
been derived directly from the system clock 
and are, therefore, multiples of the periods 
of the clock frequency used by the con- 
troller. It is, however, necessary in a num- 
ber of cases to reduce these times by some 
nanoseconds in order to eliminate the de- 
lays in the various sub-circuits of the proces- 
sor. Figure 3 shows the timing of the sig- 
nals on the MCS51 bus. 

As shown in Fig. 1, the LC display is con- 
trolled by signals LCD, RD, WR and AO. The 
only way of meeting the timing require- 
ments of the display is by including ad- 
dress line AO in the read/write signal for the 
LC module. This address line is made valid 
well before the R/W edge appears on the 
processor bus. The consequence of this is 
that a different address must be chosen 
every time the module is read from or writ- 
ten to. During writing, the level at the R/W 
input must be low: AO is then_also low. 
During reading, the level of R/W mu: must be 
high; AO is then high also. Signal LCD> de- 
rives from the address decoder and this se- 


Liquid crystal displays are typified by the simplicity with which 
they can be controlled and accommodated in a circuit. This 
short article shows how these modules can be connected to the 
MCS51 microprocessor bus. 


lects the display at auser-chosen address. 
Here, the basic address of the LCD module 
is DOOOy, so that the complete address is 
as follows: 


Write command Write DO000q 
Readcommand Read D001; 
Write data Write D002y 
Read data Read D003y. 


Next, the length of the various signals as 


DO...D7 


cs 


MCS51 - bus 


IC1 = 74HCO2 
IC2 = 74HC32 


thititthiditkhdhttsisstishhddlhdddtitthidkbdddhdsttddikdddlddtfldelleddilede 


a ay i i LALLA Mh hhh 


a function of the processor clock can be de- 
termined. Remember the earlier stated 
limits. 


clock (MHz) ¢,,.(ns) PWpy(ns} ty (ns) 


8 325 650 75 
10 250 500 50 
12 200 400 33.3 
16 138 275 12.5 


a 
8 ft 


930117-11 


Fig. 1. Integrating an LCD module into an MCS51 system 
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BUILDING YOUR OWN TOROID 
CORE INDUCTORS AND RF 
TRANSFORMERS 


lot of electronic construction projects 

intended for hobbyists and amateur 
radio operators call for inductors or radio 
frequency (RF) transformers wound on 
toroidal cores. A toroid is a doughnut 
shaped object, i.e. a short, flat cylinder 
(often with rounded edges} that has a 
hole in the centre {see Fig. 1). The 
toroidal shape is desirable for inductors 
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Fig. 1. The toroid coil form. 


because it permits a relatively high in- 
ductance value with few turns of wire by 
virtue of the core’s permeability (\)}, 
and, perhaps most important, the geome- 
try of the core makes the coil self-shield- 
ing. That latter attribute makes the 
toroid inductor easier to use in practical 
RF circuits. Regular solenoid-wound 
cylindrical inductors have a magnetic 
field that goes outside the immediate 
vicinity of the windings, and can thus in- 
tersect nearby inductors and other ob- 
jects, Unintentional inductive coupling 
can cause a lot of serious problems in RF 
electronic circuits, so should be avoided 
wherever possible. The use of a toroidal 
shape factor, with its limited external 
magnetic field, makes it possible to 
mount the inductor close to other induc- 
tors (and other components) without too 
much undesired interaction, 


Materials used In toroidal 
cores 

Toroidal cores come in a variety of mate- 
rials that are usually grouped into two 
general classes: powdered iron and 


By Joseph J. Carr 


ferrites. These groups are further subdi- 
vided as discussed below. 


Powdered iron materials. 

The powdered iron cores come in two 
basic formulations: Carbonyl! Irons and 
Hydrogen Reduced Irons. The 
Carbonyl] materials are well regarded for 
their temperature stability; they have 
relative permeability (\t,) values that 
range from 1 to about 35. The Carbonyls 
offer very good *‘Q’ values to frequencies 
of 200 MHz. Carbonyls are used in high 
power applications, as well as in variable 
frequency oscillators and wherever tem- 
perature stability becomes important. 
However, note that no powdered iron ma- 
terial or ferrite is totally free of tempera- 
ture variation, so oscillators using these 
cores must be temperature compensated 
for proper operation. The Hydrogen 
Reduced iron devices offer relative per- 
meabilities up to 90, but are lower ‘Q’ 
than Carbony] devices. They find their 
main usage in electromagnetic interfer- 
ence (EMI) filters. The powdered iron 
materials are the subject of Table 1. 


Ferrite materials. 

The name ‘ferrite’ implies that the mate- 
rial is iron-based, but that is not the 
case; ferrite materials are actually 
grouped into nickel-zine and man- 
ganese-zine types. The nickel-zine ma- 
terial has a high volume resistivity and 
high Q over the range 0.50 to 100 MHz. 
The temperature stability is only moder- 
ate, however. The relative permeabilities 
of nickel-zine materials are found in the 
range 125 to 850. The manganese-zinc 
materials have higher relative perme- 
abilities than nickel-zinc, and are of the 
order of 850 to 5.000. Manganese-zine 
materials offer high Q over the range 
1 kHz to 1 MHz. They have low volume 
resistivity and moderate saturation flux 
density. These materials are used in 
switching power supphes from 20 to 
100 KHz, and for EMI attenuation in the 
range 20 to 400 MHz. See Table 2 for ad- 
ditional information on ferrite materials. 


Toroid core nomenclature 


Although there are several different 
ways to designate toroidal cores, the one 
used by Amidon Associates [2216 East 
Gladwick, Dominguez Hills, CA, 90220, 


USA; 310-763-5770 (voice) or 310-763- 
2250 (fax)|] is perhaps that most com- 
monly found in electronic hobbyist and 


Comments 


Material tu, 


0 1 Used up to 200 MHz. 
Inductance varies with 
method of winding. 
Made of Carbony! C. 
Similar to Mixture No. 
3 but is more stable, 
and has a higher vol- 
ume resistivity. 

Made of Carbony! E. 
High Q and good voi- 
ume resistivity over 
range of 1 to 30 MHz 
Made of Carbony! HP. 
Very good stability 
and good Q over 
range of 50 kHz to 

500 kHz. 

Made of Carbony! SF. 
Is similar to mixture 
no. 2, but has higher Q 
over range 20 to 

50 MHz. 

Type W powdered 
iron. Good Q and high 
stability from 40 to 
100 MHz. 

Made of a synthetic 
oxide material. Good 
Q but only moderate 
stability over the 
range 50 to 100 MHz. 
Made of Carbony! 
GS6. Excellent stabil- 
ity and good O over 
range 0.1 to 2 MHz. 
Recommended for AM 
BCB and VLF applica- 
tions. 

Carbonyl! material sim- 
ilar to mixture no, 12, 
but has greater tem- 
perature stability but 
lower Q than no. 12, 
Made of Hydrogen 
Reduced Iron. Has 
very high permeabil- 
ity. Used in EMI filters 
and DC chokes. 


Table 1. Powdered iron core materials. 
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amateur radio published _ projects. 
Although the units of measure are the 
English system used in the USA, Canada 
and formerly in UK, rather than SI 
units, their use with respect to toroids 
seems widespread, The type number for 
any given core will consist of three ele- 
ments: xx-yy-zz, The ‘xx’ is a one or two 
letter designation of the general class of 
material, i.e. powdered iron (xx = ‘T°) or 
ferrite (xx = “TF’). The ‘yy’ is an rounded 
off approximation of the outside diame- 
ter (o.d.’ in Fig. 1) of the core in inches; 
‘37° indicates a 0.375-inch (9.53-mm) 
core, while ‘50° indicates a 0.50-inch 
{12.7-mm)}. The ‘zz’ indicates the type 
{mixture} of material. A mixture no. 2 
powdered iron core of 0,50 inch diameter 
would be listed as a T-50-2 core. The 
cores are colour coded to assist in identi- 
fication. 


Inductance of toroidal 
coils 


The inductance, L, of the toroidal core in- 
ductor is a function of the relative perme- 
ability of the core material, the number 
of turns, the inside diameter (i.d.) of the 
core, the outside diameter (o.d.} of the 
core, and the height (A}— see Fig. 1, and 
can be approximated by: 


1. = 0.011684 it N* By logiy| =) CHD [1] 


This equation is rarely used directly, 
however, because toroid manufacturers 
provide a parameter called the A; value 
which relates inductance per 100 or 
1,000 turns of wire. Tables 3 and 4 show 
the A,, values of common ferrite and pow- 
dered iron cores, respectively. Table 5 
shows some of the other properties of 
powdered iron cores, 


Winding toroid inductors 


There are two basic ways to wind a 
toroidal core inductor: close spaced 
winding and distributed winding. In 
distributed winding toroidal inductors 
the turns of wire that are wound on the 
toroidal core are spaced evenly around 
the circumference of the core, with the 
exception of a gap of at least 30° between 
the ends (sce Fig. 2a), The gap ensures 
that stray capacitance is kept to a mini- 
mum. The winding covers only 270° of 
the core circumference. In close winding 
toroids (Fig. 2b) the turns are made such 
that adjacent turns of wire touch each 
other, or nearly so. This practice raises 
the stray capacitance of the winding, 
which affects the resonant frequency, 
but can be done in many cases with little 
or no ill effect (especially where the ca- 
pacitance and resonant point shift are 
negligible). In general, close winding is 
used for inductors in narrow band tuned 
circuits, while distributed winding is 
used for broadband situations like con- 
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N-Z: Nickel-Zinc 
M-Z: Manganese-Zinc 


Material , Remarks 


33 850 M-Z. Used over 1 kHz 


to 1 MHz for loopstick 


antenna rods. Low vol- 


ume resistivity. 
N-Z. Medium wave in- 
ductors and wideband 


transformers to 50 MHz. 


High attenuation over 
30 to 400 MHz. High 
volume resistivity. 

N-Z. High O over 0.2 
to 15 MHz. Moderate 
temperature stability. 
Used for wideband 
transformers to 

200 MHz. 

High Q over 15 to 

25 MHz. Low perme- 
ability and high vol- 
ume resistivity. 

N-Z. High OQ operation 
over 10 to 80 MHz. 
Relatively high flux 
density and good tem- 
perature stability. Is 
similar to Type 63, but 
has lower volume re- 
sistivity. Used in wide- 
band transformers to 
200 MHz. 

N-Z. Excellent temper- 
ature stability and 
high O over 80 to 180 
MHz. High volume re- 
sistivity. 

High O to 0.50 MHz, 
but used in EMI filters 
from 0.50 to 50 MHz. 
Low volume resistivity. 
Used in pulse and 
wideband transform- 
ers from 1 kHz to 

1 MHz, and in EMI fil- 
ters from 0.50 to 20 
MHz. Low volume re- 
sistivity and low core 
losses. 

0.001 to 1 MHz. Used 
in wideband trans- 
formers and power 
converters, and in EMI 
and noise filters from 
0.5 to 50 MHz. 

is similar to Type 77 
above, but offers a 
higher volume resis- 
tivity, higher initial 
permeability, and 
higher flux saturation 
density. Used for 
power converters and 
in EMl/noisefilters 
from 0.50 to 50 MHz. 


Table 2. Ferrite materials. 


toroid core 
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toroid core 


Fig. 2. Toroid winding styles: a) distributed; 
b) close wound. 


ventional and BALUN RF transformers. 
The method of winding has a small effect. 
on the final inductance of the coil. While 
this fact makes calculating the final in- 
ductance less predictable, it also pro- 
vides a means of final adjustment of 
actual inductance in the circuit as-built, 


Calculating the number of 
turns needed 


As in all inductors, the number of turns 
of wire determines the inductance of the 
finished coil. In powdered iron cores the 
A, rating of the core is used with fair con- 
fidence to prediet the number of turns 
needed. 


For powdered iron cores: 


N=100\(L/ A.) [2] 


Where: 
Nis the number of turns: 
Lis the inductance required in micro- 
henrys (uH}; 
A,,is an attribute of the core material 
and size (WH/100 turns). 


Example 
Find the number of turns of wire re- 
quired to make a 6-utH inductance from a 
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T-50-2 (red) powdered iron core (A, =49). 
N = 100 ¥(6uH/49) = 35 turns. 


For ferrite cores: 


N= 10004/(L/ Ay ) [3] 

Where: 

Lis the inductance required in millihen- 
rys (mH) 

A,, is an attribute of the core material 
and size (mH/1000 turns) 


Example 

How many turns are needed to wind a 
200-uH inductor on a ferrite FT-50A-43 
core (A, = 570 mH/1000 turns)? Note: 
200 WH = 0.2 mH. 


N = 1000 ¥(0.2/570) = 18.7 turns 


The number of turns calculation often 
comes out to a fraction of a turn. With 
the possible exception of 0.5 turns, the 
actual turns count should be rounded off 
to the nearest turn. It is possible to 
round off to the nearest half turn, but it 
is not as easy to implement in practice. 


Building the toroidal 
device 


The toroid core or transformer is usually 
wound with enamelled or formvar insu- 
lated wire. For low powered applications 
(receivers, variable frequency oscillators, 
ete.) the wire will usually be SWG22 
through SWG36 (with SWG26 being very 
common). For high power applications, 
such as transmitters and RF power am- 
plifiers, a heavier grade of wire is 
needed. For amateur high power applica- 
tions, SWG14 or SWG12 wire is usually 
specified, although wire as large as 
SWG6 has been used in some commercial 
applications. Again, the wire is enam- 
elled or formvar covered insulated wire. 

In the high power case it is likely that 
high voltages will exist. In high powered 
RF amplifiers, such as used by amateur 
radio operators in many countries, the 
potentials present across a 50-Q circuit 


Core type no. prefix: FT-yy-zz 


Core Material type 
size 63 


Table 3. Common ferrite core A, values. 


toroid 


winding 
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Fig. 3. Methods for fastening the wire on a 
toroid winding: a) glue spot; b) ‘tuck under’ 
method. 


can reach hundreds of volts. In those 
cases, it is common practice to wrap the 
core with a glass-based tape such as 
Scotch 27. 

High powered applications also re- 
quire a large area toroid, rather than the 
small toroids that are practical at lower 
power levels. Cores in the FT-150-zz to 
FT-240-zz, or T-130-z% to T-500-z2z are 
typically used. In some high powered 
cases several identical toroids are 
stacked together, and wrapped with tape 
to increase the power handling capacity. 
This method is used quite commonly in 
RF power amplifier and antenna tuning 
unit projects. 


Binding the wires 


It sometimes happens that the wires 
making up the toroidal inductor or trans- 
former become loose. Some builders pre- 
fer to fasten the wire to the core using 
one of the two methods shown in Fig. 3. 
In Fig. 8a we see the use of a dab of glue, 
silicone adhesive, or the high voltage 


sealant Glyptol (sometimes used in tele- 
vision receiver high voltage circuits) to 
anchor the end of the wire to the toroid 
core. 

Other builders prefer the method 
shown in Fig. 3b. In this method, the 
end of the wire is looped underneath the 
first full turn and pulled taut. This 
method will effectively anchor the wire, 
but some say it creates an anomaly in the 
magnetic situation that may provoke in- 
teractions with nearby components. In 
my experience, that situation is not terri- 
bly hkely, and I use the method regularly 
with no observed problems thus far. 

When the final coil is ready, and both 
the turns count and spacing are adjusted 
to yield the required inductance, the 
turns can be anchored and the coil placed 
in service. A final sealing method is to 
coat the coil with a thin layer of clear lac- 
quer, or ‘Q-dope’ (which product is in- 
tended by its manufacturer as an 
inductor sealant), 


Mounting the toroidal 
core device 


Toroids are sometimes a bit more diffi- 
cult to mount than solenoid wound coils, 
but the rules that one must follow are not 
as strict. The reason for loosening of the 
mounting rules is that the toroid, when 
built correctly, is essentially self-shield- 
ing so less attention (not NO attention!) 
may be paid to components surrounding 
the inductor. In the solenoid wound coil, 
for example, the distance between adja- 
cent coils and their orientation is impor- 
tant. Adjacent coils, unless well shielded, 
must be placed at right angles to each 
other to Jessen the mutual coupling be- 
tween the coils. However, toroidal induc- 
tors can be closer together and either 
co-planar or adjacent planar with respect 
to each other. While some spacing must 
be maintained between toroidal cores 
{the winding and core manufacture not 
being perfect), the required average dis- 
tance can be less than for solenoid wound 
cores. 

Mechanical stability of the mounting 
is always a consideration for any coil {in- 
deed, any clectronic component). For 
most benign environments, the core can 
be mounted directed to a printed circuit 
board (PCB?) in the manner of Figs. 4a 
and 4b. In Fig. 4a, the toroidal inductor 
is mounted flat against the board: its 
leads are passed through holes in the 
board to solder pads underneath. The 
method of Fig. 4b places the toroid at 
right angles to the board, but still uses 
the leads soldered to copper pads on the 
PCB to anchor the coil. It is wise to use a 
small amount of RTV silicone sealant or 
glue to hold the coil to the board once it is 
found to work satisfactorily. 

If the environment is less henign with 
respect to vibration levels, a method sim- 
ilar to Fig. 4e may be employed. Here 
the toroid is fastened to the PCB with a 
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c nylon machine 
fibre or nylan screw 
washer 


E= =—— terminal 
nylon hex c r = i 


wrap 
S40DU2 - 145 


d _— nylon bolt 


nylon hex wy ae 
nut - 


insulator 
k 


rubber 
grommet 


metal wire 


Fig. 4. a) flat mounting; b) on-end mounting; 
c) secured mounting (use nylon machine 
screws); d) mounting high power or high 
voltage toroidal inductors or transformers; e) 
suspending toroid inductors on a dowel; f) 
mounting method for a ‘single turn primary’ 
transformer in RF watt-meters or VSWR 
meters. 


ELEKTOR ELECTRONICS FEBRUARY 1994 


set of nylon machine screw and nut hard- 
ware, and a nylon or fibre washer. In 
high powered antenna tuning units it is 
common to see an arrangement similar 
to Fig. 4d. In this configuration, several 
toroidal cores are individually wrapped 
in glass tape, and then the entire assem- 
bly is wrapped as a unit with the same 
tape. This assembly is mounted between 
two insulators such as plastics, ceramic, 
or fibreboard, which are held together as 
a‘sandwich’ by a nylon bolt and hex nut. 

Figure 4e shows a method for sus- 
pending toroidal cores in a shielded en- 
closure, | have used this method to make 
five-element low pass filters (see inset) 
for use on my basement laboratory work- 
bench. The toroidal inductors are 
mounted on a dowel which is made of 
some insulating material such as wood, 
plastic, plexiglass, Lexan or other syn- 
thetic material. If the dowel is sized cor- 
rectly, the inductors will be a tight slip 
fit, and need no further anchoring. 
Otherwise, a small amount of glue or 
RTV silicone sealant can serve to stabi- 
lize the position of the inductor. Care 
must be observed against force fitting, 
however, in order to avoid fracturing the 
toroid core. 

Some people use a pair of undersized 
rubber grommets over the dowel, one 
pressed against either side of the induc- 
tor (see inset to Fig. 4e), If the grommets 
are taut enough, no further action is 
needed, Otherwise, they can be glued to 
the rod. 

A related mounting method is used to 
make current transformers in home 
made RF power meters (Fig. 4f). In this 
case a rubber grommet is fitted into the 
centre of the toroid, and a small brass or 
copper rod is passed through the centre 
hole of the grommet. The metal rod 
serves as a one-turn primary winding. A 
sample of the RF current flowing in the 
metal rod is magnetically coupled to the 
secondary winding on the toroid, where it 
can be either fed to an oscilloscope for 
display, or rectified, filtered and dis- 
played on a d.c. current meter that is cal- 
ibrated in watts or VSWR units. 


Toroidal RF transformers 


Both narrow band tuned and broadband 
RF transformers can be accommodated 
by toroidal powdered iron and ferrite 
cores, The schematic symbols used for 
transformers are shown in Fig. 5. These 
symbols are largely interchangeable, and 
are all seen from time to time. In Fig. 5a 
the two winding are shown adjacent to 
each other, but the core is shown along 
only one of them. This method is used to 
keep the drawing simple and does not 
imply in any way that the core does not 
affect one of the windings. The core may 
be represented cither by one or more 
straight lines, as shown, or by dotted 
lines. The method shown in Fig. 5b is 
like the conventional transformer repre- 
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Fig. 5. Transformer symbols. 


sentation in which the windings are jux- 
taposed opposite each other with the core 
between them. In Fig. 5e the core is ex- 
tended and the two windings are along 
one side of the core bars, 

In each of the transformer representa- 
tions of Fig. 5 there are dots shown on 
the windings. These dots tell us the 
‘sense’ of the winding, and represent the 
same end of the coils. Thus, the wires 
from two dotted ends are brought to the 
same location, and the two coils are 
wound in the same direction, Another 
way of looking at it is that if a third 
winding were used to excite the core from 
an RF source, the phase of the signals at 
the dot ends will be the same; the phase 
of the signal at the undotted ends will 
also be the same, but will be opposite 
that of the dotted ends. 

The windings of the toroidal trans- 
former can be spaced at different loca- 
tions around the circumference of the 
toroid when the device is narrow band, 
but for wideband operation a_ bifilar 
winding scheme is used (Fig, 6). In this 
type of winding scheme, the wires, A and 
B, are held closely parallel to each other 
as they are wound around the core. When 
the job is finished, ends Al and B1 will be 
at the same location, while A2 and B2 will 
be at another location on the toroid core. 


Fig. 6. Bifilar winding style. 
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Conventional transformers 


One of the principal uses of transformers 
in RF circuits is impedance transforma- 
tion. When the secondary winding of a 
transformer is connected Lo a load imped- 
ance, the impedance seen ‘looking into’ 
the primary will be a function of the load 
impedance and the turns ratio of the 
transformer (see Fig. 6a). The relation- 
ship is: 


| Ny iN, ) 7 \ Ath | Bl 


With the relationship of Eq. |4| we can 
match source and load impedances in RF 
circuits. 


Example 

Assume that we have a 3 to 30 MHz tran- 
sistor RF amplifier with a base input im- 
pedance of 4 02(Z,}, and that transistor 
amplifier has to be matched to a 50-Q 
source impedance {Z,), as shown in 
Fig. 7b. What turns ratio is needed to ef- 
fect the impedance match? Let's calcu- 
late: 


NIN, = ¥(50/3) = 3.53:1. 


A general design rule for the value of in- 
ductance used in transformers is that. the 
inductive reactance at the lowest fre- 
quency must be four times the imped- 
ance connected to that winding. In the 
case of the 50-Q primary of the trans- 
former above, then, the inductive reac- 
tance of the primary winding should be 
4x50 Q, or 200 G. The inductance should 
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Fig. 7. a) generic transformer and load. 
Impedance seen looking into the primary is a 
function of the secondary impedance and the 
transformer turns ratio; b) Step-down 
impedance transformer coupling a 50 ohm 
input to an RF transistor. 


Core material type (mix) 
3 15 1 


Table 4. Common powdered iron A, values. 


be: 


' — 20Q 10° 
 OnF 


20002 10° 
— 2 _ = 10.6 HH 
273.000, 000 


Now that we know that a 10.6-0H induc- 
tance is needed, we can select a toroidal 
core and calculate the number of turns 
needed. The T-50-2 (red) core covers the 
correct frequency range, and is of a size 
that is congenial to easy construction. 
The T-50-2 (red) core has an A,, value of 
49, so the number of turns required: 


N = 100 V/10.6 wH/ 49) = 47 turns, 


The number of turns in the secondary 
must be such that the 3.53:1 ratio is pre- 
served when 47 turns are used in the pri- 
mary: 


N,=47/3.53 = 13.3 turns. 


If we wind the primary with 47 turns, 
and the secondary with 13 turns, then we 
will convert the 4-Q transistor base im- 
pedance to the 50-Q system's impedance. 


Example 
A Beverage Wave antenna is constructed 
for the AM broadcast band (530- 


1700 KHz). By virtue of its construction 
and installation, it exhibits a character- 
istic impedance Z, of 600 Q. What is the 
turns ratio required of a transformer at 
the feed end (Fig. 8) to match a 50-Q re- 
ceiver inpul impedance? 


N./ N,) = V(600Q / 500) = 3.46:1 


The secondary requires an inductive re- 
actance of 4x600 Q, or 2,400 ©. To obtain 
this inductive reactance at the lowest 
frequency of operation requires an induc- 
tance of: 


2,400Q 10° 
= ———_— = 720 pH 
27530, 000 


Checking a table of powdered iron toroid 
cores, it is found that the —15 (red/‘wht) 
mixture will operate over the 0.1 to 


( *2i, Beverage Antenna 


(Z, = 60012) 


to 5002 
RCVYR 
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Fig. 8. Transformer coupling of 600-ohm 
Beverage antenna to a 50-ohm receiver 
input. 


2 MHz region. Selecting a T-106-15 
(red/wht) core gives us an A, value of 
345. The number of turns required to cre- 
ate an inductance of 721 wH is: 


L = 100 \(721 / 345) = 145 turns 
The primary winding must have; 


N= 145 / 3.46 = 42 turns. 


p 


Winding the conventional 
transformer 


When the windings of the conventional 
transformer are equal, i.e., where the 
turns ratio is 1:1, it is universal practice 
to wind the two coils in the bifilar man- 
ner discussed above {see Fig. 6). A spe- 
cial case of RF transformers called 
BALUN transformers (discussed below) 
uses this manner of winding exclusively. 
In cases where the windings are not 
equal, as is often the case in conventional 
transformers, there are three approaches 
to winding the coils. Figure 9a shows an 
RF transformer in which high impedance 
(high-Z) and low impedance (low-Z) 
windings are used. The two different 
styles of winding the coils are shown in 
Figs. 9b and 9c. The method shown in 
Fig. 9b keeps the primary and secondary 
separated on the core. This method is 
suitable for use in narrow bandwidth ap- 
plications, for example in the tuning cir- 
cuit of a radio receiver. The method in 
Fig. 9c intersperses the turns of the low- 
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high Z 
winding 


Fig. 9. 
winding. 


Z winding over or among the windings of 
the high-Z winding. This method can be 
used for narrow band or relatively wide- 
band applications. But if the transformer 
must be truly wideband, the best wind- 
ing method is to wind the low-Z and 
high-Z coils in the bifilar manner as far 
as is needed to accommodate the low-Z 
winding. Starting from one point on the 
core, the wires are kept bifilar until the 
low-Z coil is completed, and then monofi- 
lar the rest of the way until the high-Z 
part is completed, 


Connecting the 
conventional transformer 
in the circuit 


A conventional RF — transformer 
schematic symbol may have small dots, 
or some other device, to indicate the 
sense of the windings. They can also be 
used to determine the phasing of the sig- 
nal transmitted through the trans- 
former. In Fig. 10a the same ends of 
both windings are grounded, so the out- 
put signal is in phase with the input sig- 
nal. In Fig. 10b, on the other hand, the 
opposite ends of the two windings are 
grounded, so the output signal is 180 de- 
grees out of phase with the input signal. 


Autotransformers 


An autotransformer differs from con- 
ventional transformers in that there is 
only one winding, which is tapped to pro- 
vide the two impedance levels needed. 
Figure 11 shows the autotransformer in 
two different connection schemes. The 
connection scheme in Fig. 11a resulis in 
an in-phase output signal, while that of 
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low Z 
winding 
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a) two-winding RF transformer; b) separated windings; c) interleaved or bifilar 


Fig. 11b produces an out of phase signal 
across the load. 

Winding the autotransformer pro- 
ceeds along the same lines as for a 
straight coil, except that the two sections 
of the winding are broken at a point to 
create the tap. There are two schemes 
used in doing this job. In one method, the 
entire winding is one continuous piece of 
wire, A small loop is made at the tap, and 
made available to the rest of the circuit. 
The enameled insuJation can be scrapped 
away and the wire tinned with solder. 
The other method, as shown in Fig. 12, 
breaks the two sections into two discrete 
windings, A-B and B-C. The connection 


Phase Reversal 
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Fig. 10. Transformer connections: a) no 
phase reversal; b) phase reversal. 


Fig. 11. Autotransformer connections: a) no 
phase reversal; b) phase reversal. 


at the junction is soldered for electrical 
and mechanical integrity. It is very im- 
portant that the two windings maintain 
the same sense. The A-B winding and B- 
C windings must be wound in the same 
direction. The starting turns of both sec- 
tions in Fig. 12 start in the same direc- 
tion, as is needed to maintain the sense 
of the coils. 
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Fig. 12. the auto- 


transformer. 


Wiring detail for 


BALUNs, BAL-BALs and UN- 
UNs 


There is a special category of RE trans- 
former that are sometimes called trans- 
mission line transformers. These 
devices are available in several different 
configurations depending on the type of 
load at cach winding and the impedance 
ratio. The balun transformer gets its 
name from BALanced-UNbalanced, 
which describes the relationship between 
the source and load types. In the balun, 
one load will be unbalanced with respect 
to ground (e.g. a coaxial cable from a 
standard 50-Q transmitter output), while 
the other will be balanced with respect to 
ground (e.g. a dipole antenna), Amateur 
radio operators and SWLs often use 1:1 
impedance ratio balun transformers at 
the feedpoint of dipole and other bal- 
anced antennas because it ensures that 
the pattern is a more nearly ideal bidi- 
rectional ‘figure-8’, Other common balun 
devices are available in 4:1 impedance 
ratios. These devices can be used to 
match the feedpoint impedances of high 
impedance antennas such as the G5RYV. 
the folded dipole, or the long wire. 


B RADIO AND TELEVISION 


Books from Elektor Electronics (Publishing) 


The following books are currently available: 
301 Circuits £9.95 
302 Circuits £9-95 
303 Circuits £10-95 
304 Circuits £12.95 
305 Circuits £14.95 
SMT Projects £9.95 
Microprocessor Data Book £10-95 
Data Sheet Book 2 £9.95 
Data Book 3: Peripheral Chips £10-95 
Data Book 4: Peripheral Chips £10-95 
Data Book 5: Application Notes = £10-95 


see order form on p. 71) or direct from our Dorchester 
office (private customers only*) on the order form on 
page 7]. 

* Orders other than from private customers, for instance, 
bookshops, schools, colleges, should be sent to 


$14.50 
$14.50 
$17.90 
$23.95 
$27.70 
$14.50 
$19.90 
$18.50 
$19.95 
$19.95 
$19.95 


Gazelle Book Services Ltd 
Falcon House 
Queen Square 
Lancaster LAI IRN 
England 
Telephone (0524) 68765; Fax (0524) 63232 


The books may be obtained from bookshops*, Old Colony 
Sound Lab (USA and Canadian readers only—for address, 


Figure 13 shows the two most com- 
mon forms of voltage balun transformer. 
In the 1:1 impedance ratio version shown 
in Fig. 13a there are three bifilar wind- 
ings on the same core, while in the 4:1 
impedance ratio version of Fig. 13b 
there are two bifilar windings. In both 
cases, the sense of the windings are very 
important, and must be scrupulously ob- 
served, 


unbalanced 


unbalanced 


balanced 


balanced 
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Fig. 13. a) 1:1 BALUN transformer; b) 4:1 
BALUN transformer. 


A pair of RF transformers are shown 
in Fig. 14. Although the transformer of 
Fig. 14a is usually called a 1:1 balun 
transformer in the literature, it is not 
technically in that category. Instead, it is 
an RF isolation transformer. It does 
serve the function of converting the bal- 
anced load to an unbalanced form that is 
compatible with the unbalanced input. 

The transformer shown in Fig. 14b is 
a bal-bal in that it has a balanced load at 
both ends. The impedance ratio of this 
transformer is 4:1. It can be used to con- 


Materialtype Colour code 


41 green 
3 grey 
15 red/white 


blue 

red 

yellow 
black 
green/white 
tan 


balarced balanced 


asanon2 . 24 


Fig. 14. a) RF isolation ‘pseudo-BALUN' 
transformer; b) 4:1. current BAL-BAL 
transformer. 


vert high impedance antenna feedpoints 
to a lower impedance while retaining the 
balanced feature. It is also occasionally 
used in RF power amplifier circuits. This 
circuit actually consists of two trans- 
formers connected together. 

The circuit shown in Fig. 15 is an un- 
un transformer, Le., it has an unbal- 
anced load at both ends. This device is 
actually a pair of 4:1 transformers in cas- 


Frequency (MHz) 


0.05 - 0.5 
01-2 
0.5 -5 
1-30 
10-90 
60 - 150 
100 - 200 
150 - 300 


TH 


unbalanced 


SMObN2 - 25 


Fig. 15. 16:1 UN-UN RF transformer. 


cade, resulting in a 16:1 impedance ratio. 
One use for this transformer 1s to convert 
extremely low impedances to 50 @, as 
might be seen in RF power amplifiers or 
in vertical antennas in some installation 
situations. An example might be the 3 to 
4-02 base impedance in a bipolar transis- 
tor RF power amplifier circuit. In order 
to match the 50-Q input impedance of the 
system, the 16:1 un-un transformer of 
Fig. 15 can be used. | 
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80C535 SINGLE-BOARD 
COMPUTER 
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Versatile and easy to build, the single-board 4 a own symmetrical voltage converter, 
computer described here is packed with = “y Apart tram Se BE Aes nt RON! ate 
é : = RAM, ihe board contains cight ana- 
goodies for the many microcontroller logue signal inputs with a resolution of 
enthusiasts among you: ROM, RAM, a powerful 80C535 CPU, up to 10 bits. The ADC which reads 
VO ports, an ADC and an RS232 interface, all on anextremely =e analosuc signal levels is contained 


i in the SAB80C535 microcontroller. 
compact board. The hardware is complemented by a monitor The SABB0CS35 fron Siemens {a un 


program in EPROM which allows you to use your PC to upgrade of the Intel 8051, to which it 
communicate with the 80C535. What’s more, a short 80C535 is Ely _ selloare Sampath. 

i : Consequenily, those of you who have 
programming course will be started next month. already done some 8051 programming 


can ‘upgrade’ to the 80C535 without 
problems. Note, however. that the 
80C535 has quite a few extra features 
Design by Dr. M. Ohsmann with regard to the 8051. These fea- 


S you can see from the above pho- 

tograph. the printed circuit board MAIN SPECIFICATIONS 
designed for the 80C535 computer has 
been Jayed out with ‘connectivity’ in Hardware: 
mind. All essential connections of the ® Compact board (115 x 68 mm) 
microcontroller are accessible via box- ® Powerful 80C535 microcontroller 
eae Sone aa cenen oe A pe © 32 KByte CMOS static RAM 

ard. ec er is ‘ready 5 

with the EMONS1 monitor EPROM © 32 KByte EPROM 
(Ref. 1) fitted in the ROM socket. and ® RS232 interface 
is fully compatible with — all @ All CPU port and control lines accessible via connectors 
8051/80C32 programs. The 80C535 — @ External on/off control for on-board EPROM and RAM 
computer has an on-board "RxD/TxD 
only’ RS232 interface, which is easily Software: 
connected to a PC running a commu- ® Compatible with 8051 assembler EASM51 
nication program, or the V24 program ®@ Compatible with 8051 system monitor EMON51 


downloader found on the 8051/8032 © Capable of stand alone RS232 operation 
assembler course diskette. The R5232 
®@ Assembler course follow-up 


interface on the present board has its 


ELEKTOR ELECTRONICS FEBRUARY 1994 


tures are the subject of a short course 
on 80C535 hardware and software to 
be started in next month's issue of this 
Magazine, 


Lots of port lines 


The circuit diagram of the 80C535 
computer, Fig. 1, is basically a stan- 
dard application of the 80C535 micro- 
controller. All port and control lines of 
the microcontroller, ICg. are taken out 
to pins on connectors K; through Kg. 
To avoid confusion between the pin 
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numbers and their actual positions, 
Fig. 2 shows the pin arrangement of a 
10-way boxheader as used on the 
board. 

The circuit is only suitable for the 
CMOS SAB80C535_ microcontroller, 
not for the standard N-MOS version 
80535, which will be damaged ‘beyond 
repair when fitted because it has dil- 
ferent functions for pins 4 and 37. 
Dont do it! 

The address latch is formed by IC. 
a 74HC573, whose outputs supply the 
eight lower-order address bits AO 


IC2 = 74HCOO0 


cS 


fs at 


Ic4 
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AANNANANAAAAAAAAAAAAAAAAAARABAARARRRRRES 


EPROM 
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800535 COMPUTER 


through A7, which are externally ac- 
cessible via connector K,. The read- 
only and read/write memory areas on 
the board are realized by a 32-KByte 
EPROM, IC3, and a 32-KByte CMOS 
RAM, IC,. respectively. The address 
decoding may strike you as unusual. A 
simple address decoder based on a 
four-fold NAND Type 74HCOO is used 
to divide the memory into four seg- 
ments of 16 KByte each. Just like all 
processors in the 8051 scries, the 
80C535 is capable of addressing 


64 KBytes of program memory [also 
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Fig. 1. Circuit diagram of the 80C535 computer. 
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K2...K7 


ome) 
ome) 
Ome) 
ome) 
ome) 


924046 - 12 
Fig. 2. Pin locations on the 10-way boxhead- 


ers used to hook up extension circuits to the 
80C535 board. 


es 


called ‘code’ memory) and 64 Kbytes of 
data memory (also called ‘external 
memory’). Access to the code memory 
is signalled by a low level on the PSEN 
line, while access to the data memory 
is marked by cither RD or WR going 
low. The combination of logic signals 
in ICs results in a physical address as- 
signment as given in Table 1. This 
particular memory division was cho- 
sen to allow the EMONS1 system mon- 
itor EPROM (Ref. 1) to be used without 
problems. EMONS1 expects RAM from 
address 4000,, onwards. 

The RAM and EPROM ICs on the 
board may be disabled by applying a 


2] |E\Ne 


Fig. 3a. Track layouts of the double-sided through-plated printed circuit board. 


low level to the DIS pin on connector 
Ky. If this pin is not connected, the 
80C535 uses the on-board EPROM 
and RAM. The on/off control over the 
on-board memory is provided to enable 
the computer to be equipped with an 
external EEPROM, or a RAM with bat- 
tery back-up. Alternatively, this fea- 
ture may be used when controlling 
memory-mapped input/output de- 
vices. 

To make sure that the R5232 inter- 
face works with all PCs, the 80C535 
board contains the well-known 
MAX232 RS232 serial line driver/re- 
eciver with an on-chip symmetrical 
voltage converter. 

The microcontroller operates at a 
clock of 12 MHz to make sure that it 
can run all time-critical programs con- 
tained in the 8051 assembler language 
course, 

Although the power-on RESET sig- 
nal furnished by Ry. Rg and Cy will be 
perfectly adequate for many extension 
and applicalion circuits connected to 
the 80C535 computer, there may be 
applications, such as systems with a 
battery-backup RAM, where the timing 
of the reset signal is unsuitable. In 
these cases, it is suggested to omit Cy 
and Ry, and have the reset signal gen- 
erated by a special IC with a watchdog, 
for example, the MAX690. If used. the 
external reset controller is connected 
to pin 4 of Ky. 


Jumpers 


The board contains four jumpers, 
whose function is discussed below. 
Jumper JP; allows the input of the 
serial interface contained in the 
80C535 to be connected to the output 
of driver ICs. Obviously, this jumper 
has to be fitted if you want to commu- 
nicate with the board via RS5232 using 
the V24 program download utility on 
your PC. The jumper is omitted only if 
the board is connected to a computer 
or terminal which supplies TTL (0/5 V) 
signals, which are then fed directly to 
the P3.0 (RxD) input of the micro- 
processor. This line is also accessible 


Code memory access: 

0000H - 3FFFH EPROM OOOOH - 3FFFH 
4000H - 7FFFH RAM OOOOH - 3FFFH 
8000H -BFFFH — EPROM 4000H - 7FFFH 
COOO0H -FFFFH = RAM 4000H - 7FFFH 


Data memory access: 
OO00H - 3FFFH -- 
4000H - 7FFFH RAM OOOOH - 3FFFH 
8000H - BFFFH _ 
COOOH - FFFFH RAM 4000H - 7FFFH 


Table 1. EPROM/RAM memory division. 
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Fig. 4. SAB80C535 internal architecture (courtesy Siemens Components). 
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Fig. 3b. Component mounting plan. 
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80C535 COMPUTER # 


80C535 HIGHLIGHTS 
8051 software compatible 
256-byte RAM 
Three 16-bit timers 
Eight analogue inputs 
A-D converter with 8-bit resolution 
{10-bit via software} 
Baudrate generator for 4,800 or 9,600 
baud at 12 MHz clock 
Four 12-bit capture/compare registers 
12 interrupts with four priority levels 
Watchdog timer 
Two extra 8-bit I/O ports 
Power-down and idle modes 


via pin 3 of connector Ky. 

The ADC contained in the 80C535 
must be provided with a reference volt- 
age, for which the VAREF and VAGND 
pins are available on the processor. If 


jumpers JP, and JP, are fitted, the ref- 


erence is formed by the 5-V supply 
voltage, which will be sufficiently accu- 
rate for most simple applications. For 
measurements that require ‘the last 
bit of digital precision’ to be squeezed 
out it is recommended to use an exter- 
nal reference source. If this is used, 
omit. jumpers JP, and JP. and con- 
nect the external reference to pins 7 
and 9 on connector Ky. As a matter of 
course, slay within the limits specified 


COMPONENTS LIST 


Resistors: 
R1;R2 = 10kQ 
R3 = 1kQ 


Capacitors: 

C1-C5 = 10uF 16V radial 
C6;C7 = 22pF 

C8 = IF 10V radial 

C9 = 10uF 10V radial 
C10-C14 = 100nF 


Semiconductors: 

IC1 = 62256-10 

IC2 = 74HCOO 

IC3 = 27C256 (EMONS51 EPROM, order 
code 1661; see page 70) 

IC4 = 74HC573 

IC5 = MAX232N (Maxim Inc.) 

IC6 = SAB80C535 (Siemens 
Components) 


Miscellaneous: 

K1 = 20-way boxheader 

K2-K8 = 10-way boxheader 

S1 = press-key, make contact 

X1 = 12MHz quartz crystal 

Printed circuit board 924046 (see page 
70) 


al COMPUTERS AND MICROPROCESSORS 


Jumper Jumper fitted 

JP4 ¥24 to 80C535 RxD 
JP2 Powerdown enabled 
JP3 VAREF to +5V 

JP4 VAGND to GND 


Jumper not fitted 

external TTL RxD signal via K3 pin 3 
external, HIGH: Powerdown not allowed 
external reference via K3 pin 7 

external analogue ground via K3 pin3 


Table 2. Jumper functions. 


80C535N 


D9 (025) 
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Fig. 5. Serial interface connection to the PC’s RS232 port. 
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Fig. 6. Eight analogue voltages connected to the computer's analogue inputs, PO through P7. 
Turn the pots to check out the operation of the test program given in Fig. 7. 


for the external reference voltage. 
VAREF, for instance, must be within 
5% of the supply voltage, while VAGND 
may not deviate more than 0.2 V from 
the ground potential. Also, the ana- 
logue input signal levels may not cx- 
ceed the limils set by VAGND and 
VAREF by more than 0.2 ¥V. This re- 
striction is necessary to avoid exces- 
sive currents flowing in the input 
lines. In most cases, VAGND is best 
connected to the analogue ground of 
the external equipment, which is con- 
nected to the digital ground at a suit- 
able point. VAREF is connected to the 
positive terminal of the external volt- 
age source used. 

Jumper JP,, finally. controls the 
power-down and idle modes of the mi- 
crocontroller. If JPs is fitted, the PE 
input of the 80C535 is held low, which 
means that the power-down and idle 
modes may be controlled via software. 
This feature is effectively disabled if 
JP» is not filted. Disabling the software 
power-down and idle modes may be re- 
quired in no-break systems where the 
clock and timer must run at all times. 

The jumper functions are summa- 
rized in Table 2. 


Construction 


The artwork for the printed circuit 
board is given in Fig. 3, The board is 
double-sided, through-plated, and 
available ready-made through the 
Readers Services. As you can see from 
the component overlay, the board is 
pretty densely populated, so take your 
time fitting the components, and sol- 
der very accurately using a low-power 
solder iron with a fine lip. It is recom- 
mended to use good quality IC sockets. 

If it is intended to fit the controller 
board on to another board, the box- 
headers may be replaced by double- 
row pinheaders fitted at the solder 
side. 

As already mentioned, Cy and Ry 
must be omitted if an external reset 
controller is used. 


Compatible! 


You can start working with the 
80C535 board straight away if you 
have the EMONS1 monitor EPROM fit- 
ted in position IC,, The link with the 
RS232 port on the PC is’ shown 
schematically in Fig. 5. The pin mum- 
bers in brackets refer to a 25-way sub- 
D connector. All jumpers are fitted on 
the 80C535 computer board. 

First start V24 on the PC. then 
apply power to the 80C535 board. The 
system monitor should report with the 
welcome message on the PC after 
pressing resel key S,. If not, you have 
a faultfinding session ahead of you. 
Pin 50 of the 80C535 should supply a 
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*#e#24%% FASMS2 ASSEMBLER LISTING (B535F1) *as*e* 


LINE Loe ORT T SOURCE ; 
1 DOOD 7; €8-channel A-D converter via V24 
2 o000 : 
3 bo0R ; define 80535 SFRs 
4 0000 i 
5 ood Acc EQU OFQH 
6 bod DPL EQU O682H 
7 pogo OPH EQU G83H 
B GDO0G AbCON EQU ODSH 
9 o000 ADDAT EQU GDSH 
10 Go00 DAPR EQU ODAH 
11 6000 : 
12 co00 3 Calibration constants 
13 oo00 Pl EQU 5000 ; counter for calibration factor 
14 000 ql EQU 256 } nominator of calibration factor 
15 p00 i 
16 ooUD ; define internal RAM 
17 ooGco ' 
1a goao ORG 050H } start address in internal RAM 
19 9050 ADval DS 2 ; 16 Bit measured AD_value 
20 0052 B Ds 2 ; p=pl : multiplier (16 bit value} 
21 OO5a q DS 2 ' g=ql : divisor (16 bit value) 
22 0056 PRODIZ OS 4 } product ADval*#p (32 bit value) 
237 OO5A Uyal DS 2 : result in mV¥=ADval*5000/256 {16 bit value) 
2a o05C {3 
25 ga5¢ ORG 4100H } program starts at 4100H 
26 4100 90 41 64 MATIN MOV DPTR, #TXTO } start report 
27 4103 31 89 ACALL STXT ¢ transmit 
28 4105 75 30 10 MLP Mov COMMAND, #ccGETC ; wait for ASCII Character 
29 4108 12 02 00 LCALL MON 
ANL A,#? ; extract channel number 


30 410B 54 OF ig 
31 4100 44 10 
32 410F FS D8 
33 4111 75 DA oO [| 
34 41214 20 DC FD 
35 4117 ES O09 

36 4119 FS 50 


2 
2 
2 
2 
1 : 
1 ORL A, #00010000R 7 set start ADC bit 
1 Mov ADCON,A + set AD contrel 
2 MoV DAPR, #0 } start AD conversion from 0 tc 5 Volt 
2 ADCON.4,BSY ? wait until ready 
1 A, ADDAT 7 fetch result 
1 MOV ADVal+0,A& ; store as 16 bit number 
37 4118 75 51 00 [2 MOV ADval+1, #o 
36 411E 90 13 88 [2] OUTPUT MOV DPTR, #pl + do output now 
39 4121 85 82 52 [2] MOV pt , DPL } Pr=pl (16 bit value) 
40 4124 85 83 53 [2! Mov pt1,DPH 
41 412? 7a 52 1 Moy RO,#ep 
42 4129 79 50 1 mov R1, #ADVas 

2 Mov COMMAND, *ccMUL ; compute ADval*p 

2 LCALL MON 

2 Mov PROD32+0,@RG } save to PROD32 (32 bit value) 

1 Inc RO 

2 Mov PROD32+1,@RO 

1 Inc RO 

2 

uy 

2 


43 412B 75 30 52 ‘2 
44 412E 12 02 00 ° 
45 4131 66 56 ' 
46 4133 08 
47 4134 86 57 
48 4136 08 


49 4137 86 58 mov PROD32+2,@RG 
50 4139 08 f INC RO 
51 413A 86 59 Mov PROD32+3,@RO 
52 413¢ 90 Ob DO [2 Mov DPTR, #q1 i qieql 
53 413F 85 62 54 [2! MOV q+o, DPL 
54 4142 85 83 55 [2] MOV q+1,0PH 
55 4145 78 56 1 MOV RO, #PRODI2 
56 4147 79 54 at MoV Ri, ¢q 
57 4149 75 30 59 [2 mov COMMAND, #ccDIV ; compute (ADval*p)/q (146 bit value) 
58 414C 12 02 00 [2] LCALL MON 
59 414P 86 5A {2 MoV Uval+0,@R0 + store to Uval 
60 4151 08 {1 Inc RO 
61 4152 86 5B 2 MOV Uyal+1,@Ro 
62 4154 90 41 80 [2 MOV DFTR, #TXT1 ¢ transmit text 
63 4157 31 89 2 ACALL STXT 
64 4159 78 5A a MOV RO, #Uval 
65 4158 75 30 05 [2 MOV COMMAND, #ccdRO1l6; output Uval in m¥ decimal 
66 415F 12 02 00 [2 LCALL MON 
67 4161 90 41 43 [2 MoV DPTR, #TXT2 7 transmit text 
6B 4164 31 89 (2 ACALL STXT 
69 4166 D2 41 05 [2 LIMP MLP 
70 4169 ; 
714169 OD OA 38 TXTO DB 13,10,’80C535 PROGRAM #1 ',13,10,0 
30 43 «35 
33°35 20 
50 52 4F 
a7 52 41 
4D 20 23 
31 20 OD 
oA 90 
72 4180 55 3D 00 TXT1 DB 7u=",.0 
73° 4183 20 64N 56 TXT2 DB * iF? < TS, LOB 
OB OA GO 
74 4189 : 
75 4169 ; Function codes for MONITOR calls 
76 4189 
77 4189 ccSTXT EQU 002H ; transmit text 
78 4189 ecdRO16 EQU O605H ? transmit 16 bit value @RD decimal 
79 4189 ceGETC EQU 010H ?} fetch ASCII character from V24 
gO 41849 eccMUL EQU O52H 
81 4189 ecDlV EQU) O53H 
82 4189 * 
89 4189 COMMAND EQU O630H ; MONITOR command storage location 
84 4189 MON EQU D200H 7 MONITOR entry address 
a5 4189 i 


3 set MONITOR command 
jump ta MONETOR 


B6 4189 75 30 02 [2] STAT MoV COMMAND, #ccSTXT 
BY 418C 02 O2 00 [2] LUMP MON ; 
BB alaF END 


weaweawee SYMBOL TABLE (28 symbols) **a8skawes 

Acc :00EG DPL :0082 DPH : 0083 ADCON :00D8 
ADDAT :00D9 DAPR :00DA Pl 31488 ql :0100 
ADval :0050 p :0052 q +0054 PROD32 :0056 

Uval :005A4 MAIN 34100 MLP +4105 BS¥ :4114 
OUTPUT :411E TETO :4169 TXT1 :4180 TKT2 :4183 
ecsTXT :d002 ecaRols :0005 ccGETC :0010 eeMUl, :0052 
ecDIlV 70053 COMMAND :0030 KON :0200 STAT :4189 


924046 - 12 


Fig. 7. Example program that makes use of the analogue-to-digital converter contained in the 
80C535 microcontroller. 
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clean ALE pulse, which can be verified 
with the aid of an oscilloscope. If you 
do not see a stable rectangular wave 
signal with TTL swing, the problem is 
most likely caused by a faulty or other- 
wise unsuilable quartz crystal, 
Exchange the crystal and try again. 

Next, check all address and data 
lines for signals which do not have a 
TTL swing. If such a signal is found. or 
a more or less stable level of 2.5 V with 
respeel to ground, you are probably 
faced with a pair of data or address 
lines which are short-circuited by ex- 
cess solder. 

If the monitor reports okay on the 
PC, you may download a chunk of ob- 
ject code. for instance, one of the ex- 
ample programs contained on_ the 
8051 assembler course diskette, In the 
unlikely event of errors occurring, 
these are probably caused by a faulty 
RAM, IC}. 

All programming features of the 
80C535 are supported by the 8051 as- 
sembler, EASMS1, provided the ‘new 
special function registers of the 
80C535 are properly defined using ap- 
propriate EQU statements in the as- 
sembler code. 


A test application 


The program listed in Fig. 7 enables 
eight analogue voltages to be mea- 
sured via the RS232 link with the PC. 
The desired channel number (between 
O and 7) is transmiited to the 80C535 
board via the V24 utility (at 4,800 
baud). The beard returns the voltage 
level in decimal notation, The voltages 
to be measured must lic between O and 
+5 V. and are connecied to boxheader 
Ke (see Fig. 6). 

The A-to-D conversion yields a digi- 
tal value of O for an input voltage of 
OV. and 255, for an input voltage of 
4.98 V. The aciual signal voltage, U. is 
therefore computed from 
U = measured value x 5 V / 256 {V) 
This is done by the program, which for 
convenience also handles the conver- 
sion into millivolts (mV). The arith- 
metic and number output subroutines 
contained in EMONS51 are used for this 
purpose. a 


Reference: 

1. 8051/8032 assembler course, 
Elektor Electronics February through 
November 1992. Course disk and mon- 
itor EPROM order code: 1661 (see page 
70). 


Solution to the 
Prize Electronic Crossword 2 
by Matrix 
(December 1993) 


Across 
1. Common collector 
9. Renumber 
10. Stereo 
12. Inst 
13, Die-hard 
14. FM 
17. Gratis 
18. Anathema 
21. Filament 
22, Litmus 
24, RF 
25, Off-days 
27. Ecru 
30. Ampere 
31. Bachelor 
33. Darlington pairs 


Down 
Carriage forward 
Monostable 
Ohms 
Credil 
LA 
Ester 
‘Tera 
Root mean squares 
. Shunt 
. Film 
. Vermicelli 
. Trim 
20, Anode 
23. Dynamo 
26. Fermi 
28. Spar 
29, Chip 
32. MG 
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Winners of the construction kits are: 
Ist prize: P.B. Pinnell 
2nd prize: S. Lewondowski 


3rd/4th/5th prizes: 


COMPONENT RATINGS 


Inresistorand capacitor values, decimal points 
and large numbers of zeros are avoided wher- 
ever possible. Small and large values are usu- 
ally abbreviated as follows: 


p(pico-) = 1012 
n(nano-) = L0O-? 
w(micro-) = 10-6 
mi(milli-) =104 
k (kilo-) = 105 
M (mega-) = 10 
Gigiga-) = 109 


Note that nano-farad (nF) ts the international 
way of writing 1000 pF or 0.001 UP. 
Resistors ure !/; watt, 5% metal film types un- 


N.L. Cunningham 
P.S, Mainwaring 
W. Sykes 


Winners of the book prizes are: 
A.C. Arnold 
J. Cott 
Mark Latham 
Will Rimell 
William Ritchie 


All winners have been advised by Ictier. 


LETTERS 


Dear Editor—I know that a CGA card can 
relatively simply be connected to a TV re- 
ceiver. Is this possible with a VGA card? I 
have not been able to find any literature 
on this. 

J, Scott, Preston 


The line and field frequencies used witha 
CGA card are similar to those used ina TV 
receiver. so that interfacing the two is, as 
yousay. pretty straightforward, This is, un- 
fortunately, not the case with a VGA card. 
The required interface would be quite com- 
plex. We have not published a design for 
this and. as far as we know, neither have 
other amateur publications. There are corm 
mercial units available, but these cost a 
couple of hundred pounds. [Editor] 


Dear Editor—I would like lo get some more 
detailed information on the "VHF/UHF 
tuner’ (Oct/Nov 1993) as on the enclosed 
sheet of paper. 

S. Svenson, Stockholm 


Unfortunately, neither our Design Department 
nor the original {{ree-lance) designer have 
the lime to go into your request. They feel. 
however, that most of the tiformation you 
seekis already contained in the article. We 
trust that you will appreciate that with our 
busy agenda of getting our magazine out 
on time every month itis jusi impossible to 


less otherwise specified. 


The direct working voltage of capacitors (other 
than electrolytic or tantalum types) is assumed 
to be 260 V. As a rule of thumb, a safe value 
is about 2x direct supply voltage. 


Direct test voltages are measured with a20 kQ/V 
meter unless otherwise specified. 


Mains (power line) voltages are not listed in the 
articles. It is assumed that our readers know 
what voltage is standard in their part of the 
world. 


Readers in countries that use 60 Hz supplies, 
should note that our circuits are usually designed 
for 50 Hz. This will not normally cause prob- 
lems, although if the mains frequency is used 


enter into individual correspondence on a 
completed project. [Editor] 


Dear Editor— work in an environment where 
some equipment produces a fairly high 
steady frequency sound. I have read some- 
where about ‘anti sound’ apparatus. Is 
such equipment available or can it be built 
simply? I have in mind to design such a 
unit with a microphone at one end anda 
loudspeaker at the other. Can you offer any 
suggestions? 

F. Velsink, Holland 


There does exist anti-sound equipment. 
but this is quite complex. The complexity arises 
from the fact that the sound to be elimi- 
nated must be monitored and analysed 
constaruly. The arté-sound must be generated 
close to the source of the offending sound 
by a number of powerful loudspeakers, 
The frequency and level of the anti-sound 
must be adapted constantly to ensure that 
the sumofall the sounds is as smallas fea 
sible. 

li is, therefore, nol just a question of 
placing a microphone near the source of 
the offending signal and feed back the 
sound in anti-phase via a couple of loud- 
speakers. Allihe time. the system must be 
intelligent enough to detect how and to 
what degree the anttsound must be changed 
to further reduce the offeriding sound or at 
least to keep it at a low level. 

As far we know, there are no DIY kits for 
this type of equipment. [Editor] 


for synchronization, some modification may 
be required. 


The international letter symbol* U" is used for 
voltage instead of the ambiguous *‘V’. The let- 
ter V is reserved for ‘volts’. 


The size of a metric bolt or screw 1s defined 
by the letter M followed by a number corre- 
sponding to the overall diameter of the thread 
inmm., the X sign and the length of the bolt or 
screw, also inmm. For instance, an M4x6 bolt 
has a thread diameter of 4 mm anda length of 
6mm. The overall diameter of the thread in the 
BA sizes is: 0 BA=6.12 mm; 2 BA=4,78 mm, 
4 BA = 3.68 mm; 6 BA = 2.85 mm; 8 BA = 
2.25 mm. 
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Over 700 colour packed pages with hundreds 


of brand New Products at Super Low Prices, 


on sale now, only £2.95. 


